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ADVERTISEMENT. 


IN  presenting  to  the  notice  of  the  Public  another  edition  of  THE  BUILDER'S  AND 
WORKMAN'S  NEW  DIRECTOR,  it  is  proper  to  premise,  that  it  has  been  deemed 
advisable  to  extend  very  considerably  the  original  plan  of  the  Work.  This  has 
been  done  from  a  persuasion  that  it  would,  by  such  enlargement,  be  rendered  far 
more  generally  useful ;  and  because  it  has  been  a  frequent  subject  of  complaint  and 
regret,  that  notwithstanding  the  numerous  and  able  works  on  Architecture  and  the 
Building  art  in  general,  already  existing,  no  single  book  of  moderate  compass  and 
expense,  uniting  in  an  adequate  degree  the  Theoretical  and  the  Practical  principles 
of  those  Arts,  has  hitherto  been  produced. 

It  is  presumed  that  the  Work  in  its  present  form  will  be  found  serviceable,  not 
only  to  the  numerous  class  of  individuals  for  whose  instruction  it  was  originally 
composed,  and  also  to  those  young  workmen  whose  efforts  are  directed  to  qualify 
themselves  to  act  as  "  Clerks  of  the  works"  under  Architects,  and  to  the  proper 
performance  of  whose  duties  an  acquaintance  to  a  certain  degree  with -the  Theo- 
retical principles  of  the  Art  is  indispensable,  but  likewise  in  assisting  the  studies  of 
young  men  about  to  engage  in  the  practice  of  Architecture  as  a  profession,  and 
who  may — as  from  the  method  of  instruction  generally  adopted  is  too  frequently 
the  case — find  themselves  deficient  as  respects  the  Practical  branches  of  Building. 

With  these  objects  in  view,  in  anew  remodelling  the  plan  of  THE  BUILDER'S  AND 
WORKMAN'S  NEW  DIRECTOR,  it  has  been  the  earnest  endeavour  of  the  editor  to 
combine  as  much  useful  information  as  possible  on  the  Theory  and  Practice  of 
Architecture, — the  science  of  Geometry  as  connected  therewith, — and  on  the 
several  branches  of  Artificers'  works  of  primary  importance  in  Building;  and  at 
the  same  time  to  condense  the  Work  within  the  smallest  limits  compatible  with  these 
objects.  Great  care  has  likewise  been  taken  to  supply  such  defects  and  rectify  such 
errors  as  have  been  discovered  in  the  original  Work ;  a  considerable  body  of  Notes, 
several  useful  Tables,  and  a  number  of  Plates  have  been  added;  and,  indeed,  no 
labour  or  expense  &^s  been  spared  in  order  to  render  the  present  volume  as  perfect 
as  a  Work  of  this  limited  extent,  on  such  a  comprehensive  subject,  can  be  made. 
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PRELIMINARY    REMARKS 

ON  THE  PRINCIPLES  OF   PRACTICAL  ARCHITECTURE. 

SECTION  I. 

Importance  of  a  knowledge  of  the  principles  of  Construction  and  Proportion,  1 — 5. Qualities  to  be  studied  in  every 

Building,  6. Of  Sites  in  general,  7 — 9 Character,  and  Internal  and  External  arrangements  of  Buildings,  10 — 15. 

Staircases,  16—22. Rooms,  23—26. Ceilings,  27—31. Requisites  to  durability,  32,  33. Foundations, 

84—44. Piling,   45—52 Walls,   53—74. Drains,   75—84 Roofs,  85—105. Floors,   106—118 

Apertures,  119,  120. Doors,  121—129. Windows,  130—142. Chimneys,  143—154. 

1.  IT  being  intended  that  the  following  pages  should  contain  a  general  summary  of  the  theory  and 
practice  of  Building,  it  will  be  useful,  before  we  proceed  to  a  consideration  of  the  Geometrical  prin- 
ciples of  the  art,  and  of  the  practical  details  of  the  several  descriptions  of  Artificers' work  which  form 
the  chief  constituent  parts  of  buildings,  that  some  observations  should  be  made  relative  to  those 
general  principles  connected  with  the  subject,  the  due  knowledge  and  practice  of  which  are  of  indis- 
pensable importance  to  the  Builder. 

2.  The  art  of  Building  is,  however,  so  comprehensive,  so  multifarious  in  its  details,  and  embraces 
such  a  variety  of  widely  differing  objects  in  its  practice,  that  volumes  would  be  necessary  to  do  adequate 
justice  to  the  subject ;  and  after  all,  so  many  of  the  most  important  and  interesting  practical  opera- 
tions in  Building  depend  on  peculiar  incidents  and  local  circumstances — which  can  only  be  efficiently 
provided  for,  or  their  occurrence  foreseen,  by  an  intelligent  and  experienced  superintendent  on  the 
spot,  as  the  work  proceeds  and  as  the  various  difficulties  present  themselves — that  little  more  can  be 
done  with  effect,  in  a  work  of  this  nature,  than  to  point  out  the  General  Principles  that  are  at  all 
times  applicable, — to  describe  some  of  those  difficulties  in  execution  which  are  of  more  frequent  occur- 
rence, together  with  the  most  approved  and  certain  means  of  guarding  against  or  of  overcoming  them, 
— and  to  introduce  the  student  or  young  practitioner  to  some  of  the  best  sources  from  whence  the 
most  correct  and  useful  information  may  be  obtained  on  the  subject. 

3.  The  reader,  therefore,  must  not  expect  to  find,  in  the  following  pages,  an  elaborate  treatise  on  the 
art  of  Building,  but  rather  a  general  outline  of  the  subject ;  his  attention  being,  moreover,  chiefly 
directed  to  those  objects  that  are  of  primary  and  paramount  importance  in  practice.     Such  observa- 
tions will,  it  is  presumed,  contribute  materially  to  guide  the  operations  of  the  less-instructed  and  less- 
experienced  practitioners  of  the  Building  art,  for  whose  use  this  publication  is  more  especially  de- 
signed -,  and  tend,  it  is  hoped,  to  lessen  the  number  and  extent  of  those  deplorable  failures,  now  of 
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such  frequent  occurrence  in  a  large  class  of  buildings,  in  the  erection  of  which,  though  often  of  con- 
siderable magnitude  and  expense,  it  is  not  unusual— from  mistaken  ideas  of  economy— to  dispense 
altogether  with  the  assistance  of  an  able  and  experienced  Architect :  such  failures  for  the  most  part 
arising  either  from  ignorance  of  or  inattention  to  the  primary  principles  of  construction. 

4.  By  a  more  intimate  acquaintance  with  the  essential  principles  of  the  art,  the  disappointment  and 
inconvenience  occasioned  to  the  proprietor  from  deficiency  in  the  accommodation,  or  awkwardness  in 
the  arrangement  of  the  interior  of  the  structure,  would  be  avoided,  as  well  as  the  disgrace  to  the 
taste  of  the  country  at  large,  from  the  absurdity,  incongruity,  and  inelegance  so  frequently  exem- 
plified in  the  preposterous  and  abortive  attempts  at  decoration  in  buildings  of  the  class  alluded  to. 
Indeed,  it  may  be  confidently  asserted,  that  by  a  very  little  more  attention  being  given  to  the'  subject, 
even  our  most  ordinary  buildings  might  be  vastly  improved,  both  as  to  arrangement  and  taste  ;  for 
there  is  no  reason  that  convenience  and  beauty  may  not  be  united,  in  a  certain  degree,  in  buildings 
of  very  contracted  dimensions,  and  constructed  with  the  most  common  description  of  materials,  if 
skill  and  judgment  are  exercised  in  the  designing  of  them.* 

5.  Few  things  are  more  displeasing  to  a  person  observant  of  Building-operations,  and  who  possesses 
even  a  slight  knowledge  of  Architecture,  than  to  see  in  so  many  of  the  extensive,  and,  in  some  respects, 
magnificent  rows  of  dwellings  that  are  daily  rising  around  us,  that  often,  even  before  they  are  com- 
pleted, cracks,  settlements,  and  other  defects  appear  in  various  parts,  arising  most  commonly  from 
the  slight,  hasty,  and  unscientific  manner  in  which  they  are  constructed,  and  by  which  they  are  per- 
manently disfigured.    They  consequently  remain,  as  long  as  they  last,  monuments  of  the  ignorance,  or 
rapacity,  or  both,  of  their  projectors ;  and  objects  of  regret  and  offence  to  the  scientific  Builder,  who  knows 
with  what  a  trifling  portion  of  more  knowledge  or  expense  these  defects  might  have  been  prevented ; 
and  likewise  to  the  architectural  amateur,  who  laments  that,  instead  of  the  splendour  that  would  have 
been  given  to  the  metropolis  by  the  erection  of  well-proportioned  substantial  buildings,  an  appearance 
of  misery,  wretchedness,  and  insecurity  is  entailed  upon  it  so  long  as  they  remain,  constant  outlay 
moreover  being  requisite,  on  the  part  of  the  unfortunate  proprietor  or  occupier,  to  prevent  the  dis- 
figured masses  from  falling  into  ruin.     The  evils  which  arise  from  slight  and  unskilful  building  are, 
however,  far  from  being  confined  to  the  metropolis ;  the  environs  of  the  cities  and  large  towns  through- 
out England  and  Scotland  very  generally  present  such  spectacles  as  those  already  alluded  to,  and 
they  are  daily  increasing  in  number  ;  whereas  a  proper  degree  of  attention  to  the  principles  of  con- 
struction and  proportion,  and  a  trifling  addition  to  the  original  outlay,  would  ensure  the  production 
of  elegant  and  substantial  structures,  which  would  become  permanent  ornaments  to  the  place, — a  source 
of  just  pride  to  the  inhabitants, — and  the  admiration  of  strangers,  who  might  be  induced  from  busi- 
ness or  pleasure  to  visit  it. 

6.  Qualities  to  be  studied  in  every  Building.} — In  the  designing  of  every  building,  three  things  should 
be  particularly  considered  :  viz.  Utility,  Strength,  and  Beauty.    Utility  arises  from  a  just  and  suitable 
division  and  arrangement  of  the  different  parts  of  the  structure,  by  which  it  is  adapted  to  answer  in 
the  most  satisfactory  manner  the  purposes  for  which  it  is  erected.    Strength  depends  upon  the  n  ture 
and  quality  of  the  materials  employed  in  the  work,  and  on  their  appropriate  adjustment  as  to  quantity 
in  the  different  parts.    Beauty  is  produced  by  the  symmetry  and  true  proportion  of  the  several  parts 
of  the  work,  and  by  their  harmony  of  the  whole,  as  well  as  with  each  other,  t     Sir  Henry  Wotton, 
in  his  '  Elements  of  Architecture,'  {  considers  the  whole  subject  under  two  heads, — the  Seat  or  Situa- 
tion, and  the  Work. 

*  See  Appendix  A.  .j.  lbid 

t  '  The  Elements  of  Arclitecture  collected  from  the  Best  Authors  and  Examples.1    London,  162-t. 
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7.  Of  Sites  in  General.] — As  to  situation,  where  those  who  intend  to  build  possess  the  power  of 
choosing  the  situation,  regard  should  always  be  had  to  the  quality,  temperature,  and  salubrity  of  the 
air  ;  proximity  to  marshes,  fens,  boggy  ground,  or  stagnant  water,  should  be  avoided,  particularly  if 
they  lie  to  the  south  or  westward  of  tho  intended  site,  as  from  the  general  prevalence  of  winds  from 
those  quarters  ill-effects  would  be  frequently  experienced.    The  place  should  not  want  the  sweet  influ- 
ence of  the  sun's  beams  ;  nor  be  wholly  destitute  of  breezes  of  wind,  the  want  of  which  would  cause 
a  stagnation  of  the  air,  and  render  it  similar  in  effect  to  that  of  a  stagnant  pool  of  water.     The  ap- 
proach to  it  should  not  be  so  steep  as  to  be  inconvenient  either  to  the  occupant  or  to  visiters  ;  and, 
for  the  ready  transport  of  the  various  products  of  the  district,  and  for  facilitating  the  introduction  of 
the  various  necessary  articles  of  consumption,  the  produce  of  more  distant  places,  it  is  desirable  that 
it  be  contiguous  to  a  good  road,  a  canal,  a  navigable  river,  or  an  arm  of  the  sea.     It  is  moreover  ad- 
vantageous to  have  a  house  sheltered  rather  by  trees  than  mountains,  because  the  trees  yield  a  cool- 
ing and  refreshing  air,  which,  during  the  summer-months,  is  particularly  agreeable  as  well  as  salu- 
brious ;  and  in  winter,  they  serve  to  break,  in  some  degree,  the  keenness  of  the  wind  in  tempests. 
Mountains,  from  their  position,  only  protect  from  certain  winds,  and,  if   the  situation  be  either 
directly  east  or  south,  they  will  be  found  particularly  unpleasant  at  some  seasons  of  the  year. 

8.  The  most  desirable  situation  for  a  house  is  upon  the  slope  of  a  moderate  hill,  where  the  ground  rises 
gently  from  the  plain,  and  continues  rising  a  little  behind  the  house,  and  where  the  height  is  suffi- 
cient to  command  a  view  of  the  plain  below.     A  situation  that  has  a  fine  air,  plenty  of  good  spring- 
water,  an  extensive  prospect,  with  a  good  soil,  and  the  shelter  and  defence  of  trees,  may  be  said 
to  be  perfect. 

9.  In  order  to  form  an  opinion  as  to  the  healthfulness  of  a  situation,  notice  should  be  taken  of  the 
buildings  in  the  vicinity.     If  they  appear  to  be  clean  and  fresh  on  the  surface,  though  so  old  that 
the  materials  are  beginning  to  decay,  it  is  a  proof  that  the  air  is  pure  ;  on  the  other  hand,  if  the  walls 
be  tinged  with  green  or  other  colours,  and  moss  and  herbs  grow  upon  them  in  abundance,  it  may  be 
considered  as  a  proof  that  the  air  is  damp  and  bad. 

10.  Character  and  Arrangement  of  Buildings.] — In  designing  a  dwelling-house,  consideration  must 
always  be  given  to  the  quality  and  condition  of  the  person  who  is  to  inhabit  it,  and  to  the  situation  in 
which  it  is  erected  ;  the  first,  more  particularly,  when  building  for  an  individual  by  commission  ;  the 
latter,  when  building  in  a  town  or  city,  as  a  speculation  for  selling  or  letting.    In  the  latter  case,  although 
the  Builder  may  not  know  the  individual  who  shall  occupy  the  house,  he  will  always  be  able  to  guess 
pretty  accurately  as  to  his  rank.    In  either  case,  it  is  necessary  that  the  house  should  be  so  arranged, 
and  such  conveniences  provided,  as  are  most  adapted  to  the  wants  of  the  occupant ;  as  many  things 
that  are  desirable,  and  indeed  indispensable,  for  the  accommodation  of  parties  moving  in  one  class  of 
society,  are  inappropriate  and  even  superfluous  to  those  of  another,  from  the  difference  in  their  habits, 
and  in  the  nature  and  extent  of  their  establishments. 

1 1 .  Nothing  is  more  obvious  than  that  the  form  and  arrangement  of  a  dwelling-house  should  be  adapt- 
ed to  the  climate  of  the  country,  and  to  the  customs  and  habits  of  the  inhabitants ;  yet  it  is  no  uncom- 
mon practice  to  copy  in  Great  Britain  the  form  and  arrangements  of  an  Italian  house, — not  omitting 
even  those  parts  that  are  especially  contrived  to  collect  air  and  exclude  sunshine  !    We  likewise  fre- 
quently see  the  temples  of  Greece,  with  their  deep  and  shady  porticoes,  and  small  apertures,  con- 
trived to  exclude  as  much  as  practicable  the  excessive  heat  and  glare  of  sunshine  common  in  that 
dimate,  imitated  as  closely  as  contracted  dimensions  and  mean  materials  will  admit  in  this  country  ; 
and  sometimes  even  converted  into  habitations  ;  the  portico  being  moreover  placed  so  as  to  face  the 
north,  so  that,  during  by  far  the  larger  portion  of  the  year,  the  chief  effect  it  produces  is  to  in- 
crease in  a  tenfold  degree  the  chill  and  gloom  of  our  cloudy  and  ever- vary  ing  atmosphere  I 
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12.  In  the  arrangement  of  the  several  apartments  of  dwelling-houses  in  the  country,  it  is  to  be 
observed,  that  studies,  libraries,  and  other  rooms  principally  used  in  the  morning,  should  be  placed 
facing  the  east ;  and  those  requiring  a  cool  fresh  air,  or  a  steady  light,  towards  the  north.  Something, 
however,  as  regards  internal  arrangement  in  houses  of  moderate  dimensions,  must  always  depend  on 
local  circumstances,  of  which  the  views  to  be  obtained  of  the  surrounding  country  from  the  principal 
rooms  may  be  considered  as  among  the  most  prominent,  and  ought  never  to  be  lost  sight  of. 

13.  The  several  rooms  should  be  so  arranged  as  to  be  accessible  from  a  general  corridor  or  passage; 
and  care  should  be  taken  that  the  doorways  thereto  are  conveniently  placed  for  ingress  and  egress,  and 
at  the  same  time  so  situate  that  the  rooms  shall  be  exposed  as  little  as  possible  when  the  doors  are 
opened  ;  for  which  purpose  they  should  be  made  to  open  towards  the  fire-place.     When  practicable, 
the  doors  of  communication  between  the  several  rooms  should  be  placed  centrically  ;  by  which  means 
a  suite  of  apartments  may  be  formed  when  required,  and  the  accommodation  and  general  appearance 
of  the  whole  at  such  times  be  much  increased. 

14.  The  most  convenient  and  economical  form  for  small  insulated  dwelling-houses  is  the  square,  as  it 
admits  of  subdivisions  with  the  greatest  facility ;  but  for  those  of  greater  magnitude,  an  oblong  figure 
is  preferable,  it  being  not  only  more  favourable  for  obtaining  light  to  the  several  apartments,  but 
likewise  affording  greater  facility  for  roofing.     In  those  of  a  more  extensive  nature,  the  triangle, 
circle,  ellipse,  or  a  combination  of  these  figures,  is  occasionally  employed.     When  the  building  is 
of  such  extent  as  to  require  the  offices  for  domestic  purposes  to  be  placed  in  wings  connected  with 
the  mansion,  they  should  be  so  arranged  as  to  appear  to  form  a  subordinate  part  of  the  whole  design, — 
not  entirely  detached,  yet  in  such  order  that  the  more  offensive  ones  shall  be  removed  as  far  as  practicable 
from  the  principal  apartments,  while  at  the  same  time  ready  means  of  communication  with  those 
parts  to  which  access  may  bo  necessary  are  provided.     The  consideration  of  the  designing  of  such  ex- 
tensive buildings  is,  however,  foreign  to  the  subject  of  this  work,  it  being  presumed  that,  in  all  such 
cases,  an  experienced  Architect  would  be  called  upon  to  furnish  the  design. 

15.  In  order  to  insure  the  possession  of  a  convenient  and  commodious  habitation,  whatever  may  be 
its  magnitude,  it  is  necessary  that  a  well-digested  plan  should  be  formed  of  each  floor, — an  elevation 
of  each  front, — and  two  or  more  sections  through  different  parts  of  the  building.     When  the  struc- 
ture is  of  considerable   extent  or  complexity  of  design,  a  model  should  be  made  of  the  entire  build- 
ing ;  indeed,  on  most  occasions,  a  model  will  be  of  such  advantage  as  amply  to  repay  the  cost  of 
forming  it.1 

16.  Staircases.]     In  modern  buildings,  the  staircase  forms  a  very  important  feature.    Due  attention 
should,  therefore,  be  given  to  the  proper  placing  of  it,  that  it  may  not  interfere  with^the  arrangement 
of  the  different  apartments,  and  be  at  the  same  time  easy  of  access,  and  afford  the  means  of  commu- 
nicating with  the  several  stories  of  the  building  in  the  most  ready  and  convenient  manner. 

17.  The  number,  size,  form,  and  disposition  of  the  staircases  must  be  determined  by  the  extent  and 
use  to  which  the  structure  is  to  be  applied.     In  a  large  house,  the  principal  staircase  should  be  spa- 

l  The  ingenious  author  of  OlKIAIAor  Nutshells,'  in  which  work  he  has  treated  particularly  of  houses  of  moderate 
dimensions  and  expense,  after  having  given  much  useful  advice  to  persons  about  to  build,  on  the  subject  of  plans,  &c.,  ex- 
presses himself  as  follows  with  respect  to  models :  "  I  would  next  advise  that  he  do  cause  a  complete  though  plain  model 
of  the  design  he  has  fixed  upon  to  be  made  very  accurately,  to  a  scale  of  at  least  a  quarter  of  an  inch  to  a  foot;  the  sev- 
eral stories  to  be  contrived  so  as  to  lift  o:>,  and  off  at  pleasure,  that  every  part  may  be  easily  and  minutely  scrutinized  and 
measured.  Gentlemen  who  have  not  been  so  far  conversant  in  plans  as  to  judge  therefrom  with  certainty,  ought  not  to 
grudge  the  trifling  charge  of  three,  four,  or  five  guineas  for  a  toy  of  this  kind :  the  information  and  advantage  they  will 
derive  from  it  may  prevent  much  of  the  opprobrious  work  of  alteration,  and  save  a  great  deal  of  trouble  and  a  consider- 
able sum  of  money." 
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cious,  light,  and  easy  of  access  and  ascent;  while  the  subordinate  ones  should  be  so  placed  as  to  afford 
the  domestics  the  easiest  and  most  convenient  communication  with  the  various  parts  of  it. 

18.  In  the  staircases  of  ordinary  houses,  the  steps  should  be  from  three  and  a  half,  to  four  feet  in 
length,  and  each  step  from  six  to  seven  inches  in  height.    When  the  rise  is  greater  than  seven  inches, 
the  ascent  and  descent  is  rendered  inconvenient  and  unpleasant.     The  width  of  internal  steps  should 
not  be  less  than  ten  inches  and  a  half ;  nor  is  it  desirable  that  they  be  more  than  twelve  inches. 
Landing-places,  called  half-paces  or  quarter-paces,  should  be  formed  at  convenient  distances ;  where 
practicable,  at  about  every  twelve  or  thirteen  steps ;  and  it  is  to  be  observed,  that  the  use  of  windows 
should  as  much  as  possible  be  avoided. 

19.  When  the  height  of  the  story  is  considerable,  the  steps  may  be  arranged  so  as  to  form  two  revolu- 
tions, by  which  contrivance  the  superficial  area  of  the  staircase  may  be  much  contracted  :  this  mode 
cannot,  however,  be  adopted  where  the  entire  story  is  less  than  fourteen  feet  in  height.    At  the  pre- 
sent time,  in  ordinary  houses,  the  arrangement  and  construction  of  the  staircase  is  too  frequently 
neglected  ;  consequently,  the  several  members  of  the  family  are  daily,  and  some  almost  hourly,  seri- 
ously inconvenienced  thereby ;  and  sometimes  spacious  and  elegant  apartments  are  approached  by 
steps  that  it  would  scarcely  be  pardonable  to  affix  to  lead  to  a  hay-loft. 

20.  We  seem  in  this  particular  to  have  fallen  into  the  opposite  extreme  to  our  forefathers :  they  often 
made  their  staircases  unnecessarily  spacious,  to  the  injury  of  the  rooms  ;  we,  on  the  contrary,  incur 
desire  to  increase  the  space  in  the  rooms,  unreasonably  circumscribe  the  staircase,  thereby  rendering 
it  not  only  incommodious  but  frequently  even  dangerous. 

21.  Staircases  may  be  advantageously  lighted  from  the  top  by  means  of  sky -lights,  or  lantern -lights, 
as  the  light  will  be  more  equally  diffused  by  such  means  than  by  windows. 

22.  In  every  species  of  public  building,  the  steps  of  staircases  should  be  formed  of  stone.     This  is 
desirable  likewise  in  private  dwellings,  more  especially  in  those  erected  in  large  towns  and  crowded 
cities,  where,  from  the  great  value  of  the  ground,  the  buildings  usually  consist  of  several  stories,  and 
where,  likewise  from  a  variety  of  causes,  danger  from  fire  is  more  particularly  to  be  apprehended. 
Economy,  however,  too  often  forbids  this  ;  but  if  persons  about  to  build  were  duly  impressed  with  a 
consideration  of  the  security  afforded  thereby,  in  the  event  of  fire,  few  it  may  be  presumed  would, 
under  such  circumstances,  object  to  incur  the  comparatively  small  additional  expense  of  a  stone 
staircase.2 

23.  Proportions  of  Mooms.] — In  large  edifices,  the  forms  of  the  several  apartments  are  occasionally 
varied  in  order  to  produce  a  greater  degree  of  convenience  and  beauty ;  in  which  case,  instead  of  the 
ordinary  rectangular  shape,  some  of  the  rooms  as  they  rise  from  the  floor,  are  made  either  circular, 
or  elliptical ;  or  are  compounded  of  a  rectangular  portion  in  the  middle,  and  symmetrical,  circular,  or 
elliptical  segments  at  the  ends,  having  the  chord  or  diameter  extending  the  whole  breadth  of  the  end 
to  which  it  is  attached,  or  to  a  part  of  such  breadth,  leaving  an  equal  portion  of  it  at  each  extremity 
of  the  chord.    In  other  instances,  hexagonal  or  octagonal  forms  are  employed ;  or  those  compounded 
of  the  rectangle,  and  the  last-mentioned  figures  at  one  or  both  ends. 

24.  Sir  William  Chambers,  speaking  of  the  proportions  of  rooms,  says :  "  The  heights  of  rooms  depend 
upon  their  figure.    Flat  ceiled  ones  may  be  lower  than  those  that  are  coved.    If  the  plan  be  a  square, 
the  height  should  not  exceed  five-sixths  of  the  side,  nor  be  less  than  four-fifths ;  and  when  it  is  oblong, 
the  height  may  be  equal  to  the  width.     Coved  rooms,  if  square,  must  be  as  high  as  broad ;  and  when 
oblong,  their  height  may  be  equal  to  their  width,  more  one-fifth,  one-fourth,  or  one-third  of  the  differ- 
ence between  the  length  and  width."     It  is  not  practicable,  however,  always  to  observe  exactly  these 

'  Stairs  may  be  advantageously  constructed  of  cast-iron  in  many  situations. 

B 
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proportions.  In  dwelling-houses,  the  heights  of  all  the  rooms  on  the  same  floor  are  usually  similar 
to  each  other,  though  their  extent  be  different ;  which  renders  it  extremely  difficult  where  there  are 
several  different  sized  rooms,  to  proportion  all  of  them  well.* 

25.  The  method  usually  adopted,  in  buildings  where  beauty  and  magnificence  are  preferred  to 
economy,  is  to  raise  the  halls,  saloons,  and  galleries  higher  than  the  other  rooms,  by  making  them  oc- 
cupy two  stories ;  to  make  the  largest  sized  rooms  with  flat  ceilings ;  to  cove  the  middle-sized  ones  one- 
third,  one-fourth,  or  one-fifth  of  their  height ;  and  in  the  smaller  rooms,  where  even  the  highest  coves 
are  not  sufficient  to  render  the  proportion  tolerable,  it  is  usual  to  contrive  mezzanines  or  intersoles 
above  them  ;  these  are  very  convenient  as  thev  afford  servants'  rooms,  bath-rooms,  wardrobes,  store- 
rooms, &c. 

26.  In  ordinary  dwelling-houses,  the  rooms  are  too  frequently  made  less  lofty  than  is  desirable,  both 
as  regards  appearance  and  salubrity  :  this  arises  chiefly  from  two  causes,  the  one  being  the  great  ex- 
pense of  building  in  this  country,  particularly  in  or  near  the  metropolis,  and  which  induces  us  to  con- 
tine  the  structure  within  the  smallest  possible  dimensions  compatible  with  the  accommodation  abso- 
lutely necessary  ;  the  other,  is  the  coldness  and  dampness  of  the  climate,  which  renders  it  necessary 
for  us  to  resort,  during  the  greater  portion  of  the  year,  to  artificial  means  for  the  warming  of  our 
apartments,  the  expense  of  fuel  at  the  same  time  making  it  important  to  restrict  the  consumption  of 
it  as  much  as  practicable.     From  the  great  improvements  that  have  lately  been  made  in  the  method 
of  warming  buildings  on  economical  principles,  we  may,  however,  hope  shortly  to  bo  enabled  to  enjoy 
well- warmed,  spacious,  and  lofty  apartments,  at  a  comparatively  small  expense. 

27.  Ceilings.] — When  the  ground-plan  of  an  apartment  is  rectangular,  the  ceiling  is  usually  of  the 
same  form,  and  either  quite  flat  and  plain,  or  formed  into  compartments  and  pannelled,3  or  enriched 
with  foliage  and  other  ornaments  ;  but  in  rooms  of  a  superior  description,  the  forms  of  the  ceilings 
are  frequently  much  diversified  both  as  respects  the  plan  and  section. 

28.  The  most  simple  form  of  ceiling,  next  to  that  of  a  flat  horizontal  surface,  is  what  is  termed  a 
waggon-head,  which  is  formed  of  any  portion  of  a  cylinder  having  its  axis  parallel  to  the  horizon  ;  the 
chord  of  the  cylindric  section  being  extended  the  breadth  of  the  room,  so  that  in  every  section  parallel 
to  one  of  the  ends  of  the  apartment,  the  upper  part  of  that  section  will  be  a  segment  of  a  circle. 

29.  Another  form  of  ceiling  frequently  used  consists  of  a  quadrantal  portion  of  a  cylinder,  rising 
from  each  vertical  side  of  the  apartment  and  meeting  the  horizontal  part  in  the  middle,  the  curved 
portion  intersecting  at  each  angle  ;  this  is  denominated  a  coved  ceiling,  and  admits  of  a  great  variety 
of  dispositions  and  decoration. 

30.  A  ceiling  may  likewise  be  formed  of  intersecting  cross  arches,  so  that  each  arch  coincides  with 
the  surface  of  a  cylinder  having  its  axis  parallel  to  the  horizon.    When  the  summit  of  each  arch  rises 
to  the  same  height,  this  species  of  ceiling  is  termed  a  groined  ceiling. 

31.  The  rectangular  plan  likewise  admits  of  the  formation  of  a  concave  ceiling  in  an  ellipsoidal,  or 
spherical  form  ;  such  are  called  domical  ceilings. 

32.  General  Requisites  to  Durability.] — In  order  to  give  strength  and  durability  to  a  building  two 
things  are  essentially  necessary  :  viz.  the  use  of  good  and  appropriate  materials,  and  the  application 
of  such  materials  in  a  judicious  and  efficient  manner.     With  respect  to  the  former,  although  the 
possession  of  considerable  skill  and  judgment  is  requisite,  to  be  enabled  on  all  occasions  to  select  the 

*  See  Appendix  A,  §  34. 

3  The  ancient  practice  of  forming  the  ceiling  into  compartments  with  pannels,  and  other  plaster  enrichments— which 
had  become  almost  obsolete—has  happily  of  late  been  revived,  and  is  now  becoming  common  even  in  the  better  descrip- 
tion of  houses  built  on  speculation. 
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best  sorts  of  the  several  species  of  materials — and  which  indeed  can  only  be  acquired  by  attentive  ob- 
servation and  considerable  experience — yet  it  is  hoped  that  the  hints  given  on  that  subject  in  the 
course  of  the  second  section  of  these  Preliminary  Remarks  will  be  sufficient  to  prevent  the  most  in- 
experienced Builder  from  falling  into  any  important  error  in  the  choice  or  application  of  those 
materials  which  are  of  chief  importance  in  the  construction  of  strong  and  durable  buildings.  What- 
ever caution  however  may  be  exercised  in  the  selection  of  proper  materials,  it  will  be  of  little  avail 
unless  at  the  same  time  au  adequate  degree  of  attention  is  given  to  the  application  of  them  in  the 
structure  ;  this  can  only  be  insured  by  an  attentive  and  judicious  consideration  of  the  nature  of  the 
building,  and  the  purposes  to  which  it  is  to  be  applied,  and  a  consequent  just  and  accurate  appor- 
tioning of  the  strength  of  the  several  parts  of  it,  so  as  to  be  best  adapted  to  the  ends  proposed. 

33.  Due  attention  must  likewise  be  given  to  the  forming  of  the  foundations, — to  determine  the  thick- 
ness of  the  walls, — the  figure  and  weight  of  the  roof, — the  strength  of  the  floors, — the  various  corn- 
partitions, — and  the  number  and  sizes  of  the  several  apertures, — all  which  should  be  so  arranged  and 
adjusted  as  to  combine,  in  the  greatest  practicable  degree,  convenience,  durability,  and  economy. 

34.  Foundations.] — With  respect  to  the  foundation,  too  much  attention  cannot  be  given  to  ascertain 
the  nature  of  the  ground  on  which  the  building  is  intended  to  be  raised.     In  the  event  of  the  exis- 
tence of  any  inequality  in  the  texture  or  substance  of  the  natural  soil,  it  is  indispensable  that  pre- 
cautions should  be  taken  to  prevent,  by  artificial  means,  the  defects  likely  to  arise  therefrom,  so  that 
a  uniform  substratum  may  be  made ;  otherwise  the  stability  of  the  structure  will  be  endangered. 

35.  The  ancient  Architects,  and  indeed  most  writers  on  Architecture,  have  attached  great  impor- 
tance to  this  part  of  the  Builder's  duty ;  and  though  some  of  their  precepts  as  regards  foundations 
would  perhaps,  in  this  age  of  economy,  be  generally  considered  as  superfluous  and  extravagant,  yet  it 
should  be  recollected  that  it  is  in  no  small  degree  owing  to  the  care,  attention,  and  expense  bestowed 
by  the  ancients  on  the  foundations  of  their  buildings,  that  some  of  their  structures  have  endured  up- 
wards of  2,000  years,4  whilst  many  even  of  the  most  extensive  and  costly  of  ours  scarcely  last  the 
term  of  a  man's  life  ;  to  say  nothing  of  the  multitude  which  present — even  before  they  are  finished — a 
ruinous  or  dilapidated  appearance  from  cracks  and  settlements  occasioned  most  frequently  from  defects 
in  the  foundation.     Indeed,  in  the  foundations  of  every  description  of  buildings  no  precautions  should 
at  any  time  be  neglected  that  it  becomes  a  skilful  and  diligent  builder  to  take,  for  in  no  part  is  an 
error  of  so  much  consequence, — so  difficult  to  rectify  if  committed,  or  so  likely  to  be  attended  with 
fatal  results. 

36.  The  forming  adequate  foundations  to  an  extensive  building  on  a  bad  soil,  with  a  due  regard  to 
stability  and  to  economy,  is  one  of  the  most  arduous  tasks  imposed  on  the  Architect,  or  Builder ; 
and  in  the  due  performance  of  it  he  can  rarely  gain  much  positive  assistance  from  even  the  best  theo- 
retical works  on  the  art,  as  so  much  depends  on  the  peculiar  circumstances  of  the  individual  case, 
and  the  precise  nature  of  the  difficulties  to  be  overcome.     This  observation  perhaps  applies  more 
particularly  to  extensive  buildings  of  an  ordinary  description,  such  as  warehouses,  manufactories, 
and  the  like,  where  a  great  difficulty  often  arises  in  determining  the  extent  of  the  precautions  abso- 
lutely necessary  to  be  taken  to  insure  the  requisite  stability,  and  at  the  same  time  to  avoid  any  un- 
due increase  of  expense. 

*  Battista  Alberti,  in  the  fifth  chapter  of  bis  third  book,  '  De  Re  ^Edificatoria,'  mentions  several  ancient  buildings  in 
which  particular  care  was  bestowed  on  the  forming  of  the  foundations  :  viz.  The  Temple  of  Diana  at  Ephesus,  the  Se- 
pulchre of  Antoninus,  the  Forum  Argentarium,  the  Comitia,  and  the  Tarpeia.  The  modern  excavations  in  the  ancient 
Roman  forum  serve  to  demonstrate  the  extreme  attention  and  great  expense  incurred  by  the  ancients  in  forming  founda- 
tions to  their  buildings.  This  is  particularly  apparent  likewise  in  the  remains  of  the  temples  of  Jupiter  Staler,  Jupiter 
Tonans,  and  the  Column  of  Phocas. 


12 


PRELIMINARY  REMARKS  ON  THE  [PART  I 


37.  The  marks  of  a  good  soil  for  building  on,  according  to  Alberti,  are  the  following  :  If  it  does  not 
produce  any  kind  of  herb  that  usually  grows  in  moist  places  ;  if  it  does  not  produce  any  tree  at  all, 
or  only  such  as  flourish  in  very  hard  close  earth  ;  if  the  place  is  stony,  with  large  sharp  stones,  espe- 
cially flints.     The  best  soil  is  reckoned  to  be  that  which  is  the  hardest  to  the  pickaxe,  and  which 
when  wetted  does  not  easily  dissolve.     Hard  gravel  or  stone  is  the  most  sure  and  firm  foundation 
where  all  is  sound  beneath,  but  there  is  none  which  may  prove  more  deceptive,  such  ground  some- 
times containing  cavities  beneath  ;  nor  is  a  foundation  of  rock  itself  free  from  danger  of  the  same 
kind,  caverns  being  frequent  in  rocky  places,  over  which,  should  a  heavy  building  be  erected,  it 
might  suddenly  fall  down.     The  utmost  attention  should  therefore  be  given  to  guard  against  the 
possibility  of  an  accident  of  this  kind.     Palladio  recommends  throwing  down  great  weights  forcibly 
on  the  ground,  and  observing  whether  it  sounds  hollow  or  shakes.     He  says  likewise  that  a  judgment 
of  the  firmness  of  the  earth  may  be  formed  from  the  sound  of  a  drum  placed  on  the  suspected  ground : 
if  on  being  lightly  touched  it  does  not  sound  again,  or  if  water  put  in  a  vessel  does  not  shake,  it  may 
be  presumed  to  be  solid  ;  if  it  be  hollow,  the  effects  produced  will  clearly  show  it.     The  usual  way 
adopted  to  ascertain  the  solidity  of  the  ground  on  which  a  building  is  about  to  be  erected  is  by  the 
use  of  the  rammer.     If  when  the  ground  is  struck  with  this  tool  it  shakes,  it  should  be  pierced  with 
a  borer,6  such  as  is  used  by  well-diggers  ;  and  on  its  being  ascertained  how  far  the  firm  ground  is 
below  the  surface,  the  loose  or  soft  ground  should  be  removed. 

38.  To  prepare  the  bed  for  a  foundation  on  rock,  the  thickness  of  the  stratum  of  rock  should  first 
be  ascertained,  if  there  are  any  doubts  respecting  it ;  and  if  there  be  any  reason  to  suppose  that  the 
stratum  will  not  offer  sufficient  resistance  to  the  weight  of  the  structure,  it  should  be  tested  by  a 
trial  weight  at  least  twice  as  great  as  the  one  it  will  have  to  bear  permanently.     The  rock  is  next 
properly  prepared  to  receive  the  foundation-courses  by  levelling  its  surface,  breaking  down  all  pro- 
jecting points,  filling  up  cavities  either  with  rubble  masonry  or  with  concrete,  and  carefully  removing 
any  portions  of  the  upper  stratum  which  presents  indications  of  having  been  injured  by  the  weather. 
The  surface  prepared  in  this  manner  should,  moreover,  be  perpendicular  to  the  direction  of  the  pres- 
sure ;  if  this  be  vertical,  the  surface  should  be  horizontal,  and  so  for  any  other  direction  of  the  pres- 
sure.    If,  owing  to  a  great  declivity  of  the  surface,  the  whole  cannot  be  brought  to  the  same  level 
when  the  pressure  is  vertical,  it  must  be  broken  into  steps,  in  order  that  the  bottom-courses  of  the 
foundation  throughout  may  rest  on  a  horizontal  surface.     If  fissures  or  cavities  are  met  with  of  so 
great  an  extent  as  to  render  the  filling  them  with  masonry  too  expensive,  an  arch  must  then  be 
formed,  resting  on  the  two  sides  of  the  fissure,  upon  which  the  walls  of  the  structure  will  be  raised. 
The  slaty  rocks  require  most  care  in  preparing  them  to  receive  a  foundation,  as  their  upper  stratum 
will  generally  be  found  injured  to  a  greater  or  less  depth  by  the  action  of  frost. 

39.  In  stony  earths  and  hard  clay,  the  bed  is  prepared  by  digging  a  trench  wide  enough  to  receive 
the  foundation,  and  deep  enough  to  reach  the  compact  soil  which  has  not  been  injured  by  the  action  of 
frost ;  a  trench  from  four  to  six  feet  will  generally  be  deep  enough  for  this  purpose.     The  bottom  of  the 
trench  must  be  perpendicular  to  the  direction  of  the  pressure.     If  the  ground  prove  variable,  being  in 

some  places  hard  and  some  soft,  it  will  be  necessary  to  turn  arches  from  one  hard  spot  to  another. If 

the  soil  is  found  to  be  gravel,  it  will  be  proper  to  examine  the  thickness  of  the  stratum,  and  the  quality 
of  the  strata  under  it.     If  the  bed  of  gravel  is  thick,  and  the  under  strata  sound  and  firm, or  if  it  con- 
sists of  a  stiff  clay,  with  a  mixture  of  gravel, — no  assistance  is  required  ;  if,  on  the  contrary,  the  ground 

»  Some  writers  on  Architecture  recommend  the  digging  of  wells  in  order  to  ascertain  the  nature  of  the  soil ;  and  when 
they  are  likely  to  be  wanted  eventually,  it  is  doubtless  a  good  plan,  though  much  more  expensive  than  boring. 
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is  loose,  boggy,  variable  in  its  texture,  and  mixed  with  sand,  recourse  must  be  bad  to  artificial  means 
to  remedy  the  defects  therein.6 

40.  When  the  ground  is  not  very  soft,  and  the  superincumbent  wall  is  intended  to  be  supported  upon 
narrow  piers,  a  piece  of  timber  or  balk  is  sometimes  slit  in  halves,  and  then  laid  so  as  to  be  imme- 
diately under  the  wall,  or  at  the  height  of  two  or  three  courses  from  the  bottom.     This  will  often 
prevent  settlements,  and  in  many  cases  will  be  quite  sufficient  for  every  purpose  ;  care  should  be 
taken,  however,  when  this  method  is  adopted,  that  the  timber  is  not  subjected  to  be  wet  and  dry 
alternately,  as,  under  such  circumstances,  it  is  liable  to  decay  very  rapidly.     Either  oak,  fir,  elm,  or 
beech,  are  proper  for  this  purpose. 

41.  Sometimes  large  stones,  known  by  the  name  of  Yorkshire-landings  or  ledgers,  are  laid  in  the 
foundations,  and   the  walls  built  thereon.     They  are  usually,  in  such  cases,  from  nine  to  twelve 
inches  wider  than  the  bottom-footing  of  the  wall ;  and  vary  in  thickness  from  three  to  six  inches 
according  to  the  weight  of  the  structure  intended  to  be  raised  on  them.     In  those  parts  of  the  coun- 
try where  Yorkshire-landings  are  not  easily  obtained,  smaller  stones  of  the  sort  most  easily  procured 
on  the  spot  are  substituted  for  them.     These,  being  first  chopped,  or  hammer-dressed,  are  laid  in 
the  trench,  prepared  of  a  breadth  proportioned  to  the  weight  of  wall  intended  to  be  sustained,  and 
are  then  rammed  closely  together  with  a  heavy  rammer.     On  these,  other  courses  are  laid  as  may  be 
considered  necessary  ;  care  being  taken  that  the  joints  of  each  succeeding  course  fall  as  nearly  as 
possible  on  the  middle  of  the  stones  in  the  course  immediately  beneath.     Each  of  the  courses  may 
be  diminished  in  width  till  the  upper  course  of  the  stone-work  is  reduced  to  a  proper  width  to  re- 
ceive the  main  wall,  the  thickness  of  which  must  be  regulated,  first,  by  a  reference  to  the  nature  of 
the  materials  employed,  and,   secondly,  to  the  magnitude  of  the  fabric  to  be  erected.     Sometimes 
chalk  is  used  in  blocks  of  four  or  five  cubic  feet  each,  and  where  the  chalk  can  be  procured  of  such 
a  size,  and  lies  wholly  out  of  the  reach  of  air,  it  forms  an  excellent  foundation  for  common  houses,  but 
cannot  be  trusted  to  bear  extraordinary  weights. 

42.  Another  method,  occasionally  employed  when  the  ground  is  soft  and  variable,  is  to  form  an 
artificial  substratum  "of  broken  stone  or  gravel,  mixed  with  a  strong  grout  composed  of  stone,  lime, 
and  sand.    The  common  way  of  applying  this  description  of  material  in  foundations  is  to  dig  trenches 
from  two  to  three  feet  in  depth,  according  to  circumstances,  about  a  foot  wider  than  the  bottom 
footing  of  the  respective  walls.    Into  these  trenches  a  quantity  of  the  material  is  thrown ;  the  granite, 
— or  other  hard  stone  used, — being  first  broken  into  pieces  of  the  size  of  an  ordinary  hen's  egg  and 
spread  over  the  surface,  is  then  rammed  to  a  thickness  of  six  inches ;  over  this  a  quantity  of  the  grout 
is  thrown,  which  soon  finds  its  way  into  the  interstices  of  the  stone.    A  second  course  or  layer  is  then 

6  Mr.  Smeaton,  in  his  Report  to  the  Commissioners  of  his  Majesty's  navy  upon  the  defective  works  in  Plymouth  Yard, 
speaking  of  the  clerk  of  the  rope-yard's  office — in  which  a  settlement  bad  taken  place — observes,  "  The  north  end  it  seems 
was  built  upon  a  wall  of  a  reservoir  which  is  upon  a  rock ;  the  rest  is  supposed  to  have  been  built  upon  planking,  which 
having  decayed  about  eight  years  ago,  the  above  settlement  took  place  amounting  to  about  two  inches  and  a  half  per- 
pendicular; and  as  this  subsidence  is  nearly  regular,  it  is  most  naturally  accounted  for  as  above.  On  this  head  I 
must  observe  that  it  is  generally  accounted  the  most  difficult  of  all  foundations,  that  of  being  partially  upon  a  rock 
and  partly  upon  a  softer  matter,  because  here  being  a  manifest  inequality,  it  is  one  of  the  most  difficult  problems 
in  Architecture  to  form  a  judgment  of  what  may  be  sufficient  as  an  artificial  strengthening,  to  make  it  equal  with  that  of 
a  rock  which  can  suffer  no  compressure.  Planking  is  the  common  expedient,  and  where  it  lies  under  water  and  so  buried 
in  the  ground  as  not  to  be  subject  to  drying,  it  appears  from  the  works  of  former  ages  to  be  sufficiently  durable ;  but 
where  laid  in  loose  or  made  ground,  so  as  to  get  a  partial  dryness,  as  may  be  presumed  in  the  present  situation,  it  appears 
subject  to  the  rot  in  a  moderate  course  of  years,  and  therefore  to  compressure.  A  much  better  expedient  in  such  a  case 
is  to  pave  the  foundation  and  build  upon  the  pavement  Claying  a  course  of  flat  stones  upon  it)  rather  than  upoi: 
planking." 
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formed  in  a  similar  manner,  and  the  grout  again  applied  ;  and  so  on  till  the  whole  mass  is  brought 
to  the  required  thickness.  Some  Architects  adopt  a  different  method :  they  direct  the  lime  and  sand 
to  be  mixed  with  the  hard  material ;  the  whole  is  then  to  be  wetted,  and  thrown  from  a  height  of  from 
fifteen  to  twenty  feet  into  the  foundation.  In  cases  where  the  foundations  do  not  go  down  to  that 
depth,  a  temporary  stage  is  raised,  from  which  the  material  is  thrown  out  of  wheel-barrows.* 

43.  Sometimes  to  save  expense,  and  to  avoid  an  intermediate  piece  of  bad  ground,  instead  of  the 
foundation-walls  being  continued  throughout,  piers  are  brought  up,  and  then  arches  turned  from  pier 
to  pier,  on  which  the  walls  are  built.     In  such  cases  it  is  of  the  greatest  importance  that  the  ground 
on  which  the  piers  are  built  should  be  rendered  equally  firm — if  not  so  naturally — otherwise  the 
building  will  be  liable  to  sustain  injury  from  its  settling  unequally  ;  which  is  likely  to  be  more  preju- 
dicial to  it  than  where  the  whole  of  the  building  settles  equally,  even  in  a  greater  degree,  from  the 
ground  being  uniformly  soft ;  as  sometimes  happens  without  the  building  sustaining  much  damage. 

44.  Whenever  any  inequality  in  the  texture  of  the  soil  exists,  and  it  consequently  becomes  neces- 
sary to  make  a  difference  in  the  depth  of  the  foundation-walls,  and  indeed  in  all  cases  where  it  is 
practicable,  it  is  a  good  plan  to  turn  inverted  arches  under  the  several  apertures,  by  which  means  the 
pressure  of  the  entire  wall  is  more  equally  distributed  ;  whereas  if  the  inverted  arches  are  omitted, 
the  weight  being  greater  where  the  depth  of  the  wall  is  greatest,  an  unequal  portion  of  it  is  thrown 
on  such  part,  and  a  fracture  of  the  brickwork  is  probably  the  consequence.     Inverted  arches  should 
be  turned  with  great  exactness,  and  should  never — if  it  can  by  possibility  be  avoided — be  less  than 
semicircles.     Indeed  the  parabolic  curve  is  generally  recommended,  being  found  the  most  effective  in 
resisting  the  reaction  of  the  ground. 

45.  Piling.] — In  case  of  boggy  earth,  or  loose  sand  and  gravel,  piling  is  one  of  the  most  common 
means  resorted  to  to  form  a  foundation  ;  and,  when  properly  executed,  piles  form  a  very  secure  and 
firm  foundation. 

46.  The  piles  may  be  formed  either  of  oak,  beech,  or  fir  timber.     Their  dimensions  must  of  course 
be  regulated  by  the  nature  of  the  ground,  and  the  magnitude  of  the  structure  intended  to  be  raised 
thereon.     Alberti  recommends  that  they  should  form  a  surface  twice  the  breadth  of  the  intended 
wall ;  that  they  should  not  be  less  in  length  than  the  eighth  part  of  the  height  of  the  wall ;  and  that 
their  thickness  should  be  one-twelfth  part  of  their  length.     He  likewise  adds,  that  they  should  be 
driven  so  close  together  that  there  shall  not  be  room  for  one  more  ;  this  however  is  now  seldom  prac- 
tised, and  indeed  its  necessity  is  questioned  by  other  writers  on  Architecture,  who  recommend  that 
the  piles  be  placed  at  moderate  intervals,  for  when  excessively  crowded  they  are  often  found  to  force 
each  other  up  as  they  are  successively  driven.    They  should  however  be  driven  with  many  repeated 
strokes,  in  preference  to  very  heavy  ones,  which  have  a  tendency  to  split  them  ;  they  should  likewise 
in  all  cases  be  driven  till  they  reach  the  hard  soil.7     Some  writers  recommend  their  being  charred 
previous  to  being  used.8     They  are  usually  pointed,  and  each  pile  has  a  piece  of  wrought  iron  fixed 

*  See  Appendix  B. 

7  The  measure  of  resistance  may  be  estimated  by  taking  the  absolute  stoppage,  or  the  refusal  of  the  pile  to  penetrate 
farther  than  two-tenths  of  an  inch,  from  the  effect  of  30  strokes  of  a  ram  weighing  800  pounds,  raised  to  the  height  of  5 
feet  at  each  stroke. 

8  Much  useful  information  on  the  subject  of  foundations  is  to  be  obtained  from  a  work  published  by  Mr.  George  Semple, 
of  Dublin,  in  the  year  1776,  entitled  'A  Treatise  on  Building  in  Water,'  in  which  the  author  gives  a  very  interesting 
account,  in  the  form  of  a  diary,  of  the  rebuilding  of  Essex  bridge  in  Dublin,  together  with  some  excellent  observations 
on  bridge-building  in  general,  and  on  erecting  substantial  stone  buildings  in  fresh  and  salt  water,  quaking-bogs  or  morasses, 
&c.     Although  Mr.  Semple's  observations  relate  chiefly  to  bridges,  yet  many  judicious  remarks  are  made  and  directions 
giren  by  him,  that  are  applicable  to  other  descriptions  of  buildings.     With  respect  to  piles  he  observes :  "  There  are 
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to  the  point,  which  is  termed  a  shoe,  to  facilitate  its  passage  through  the  loose  soil,  and  its  entry  into 
the  solid  earth.  The  head  is  also  frequently  encircled  by  a  strong  iron  hoop  to  prevent  the  ram  from 
splitting  it. 

47.  When  the  driving  of  the  piles  is  completed,  pieces  of,  timber  about  six  inches  in  thickness, — 
termed  sleepers — are  to  be  laid  along  the  trenches,  on  the  head  of  the  piles,  in  such  positions  that  the 
outer  edges  of  the  sleepers  shall  be  severally  in  a  line  with  the  perpendicular  face  of  the  superincum- 
bent wall.     These  must  be  firmly  fastened  to  the  pile-heads  with  oak  pins  or  spikes.     The  space 
between  the  sleepers  should  then  be  filled  with  brickwork  laid  dry  without  mortar ;  and  planking 
three  inches  thick  must  then  be  laid  across  the  sleepers,  of  such  a  width  as  to  project  about  three  inches 
on  each  side  beyond  the  bottom-footing  of  the  intended  wall. 

48.  In  cases  of  swampy  and  boggy  ground,  some  Architects,  in  lieu  of  piling  and  planking,  have 
had  recourse  to  cradles  of  oak  or  fir  timber,  strongly  framed  and  braced  together  in  bays  of  from  five 
to  ten  feet  in  length,  and  of  a  width  proportionable  to  the  superstructure.    Over  these  frames  or  cradles 
are  laid  cross  pieces  or  joists,  the  whole  being  firmly  bedded  in  the  earth,  and  the  interstices  filled 
with  chalk  or  rubble.     This  method  has  by  some  been  considered  much  superior  to  the  ordinary 
method  of  planking  already  noticed ;  as  in  the  event  of  the  timbers  forming  the  cradles  decaying, 
the  rubble  may  still  remain  united,  and  the  sinking  of  the  building  be  thereby  prevented  ;  whereas, 
in  case  of  the  decay  of  the  planking,  the  sinking  of  the  building  is  inevitable. 

49.  In  ordinary  cases,  where  the  soil  is  adapted  for  building  on,  the  best  way  to  proceed  is  to  sink 
the  basement-story  of  the  intended  edifice  to  the  proposed  level,  and  then  dig  trenches  for  the  walls, 
from  two  to  three  feet  in  depth,  and  as  little  wider  than  is  necessary  for  the  footings  as  is  practicable. 
This  is  a  preferable  method  to  excavating  the  whole  surface  to  the  depth  of  the  footings ;  inasmuch  as 
it  not  only  saves  the  labour  and  expense  of  removing  a  large  quantity  of  earth  and  filling  it  in  again, 
but  it  likewise  obviates  the  bad  effects  of  thrusting  newly  made  earth  against  walls  recently  built, 
which  should  always  be  carefully  avoided. 

50.  In  building  on  an  inclined  plane  or  rising  ground,  as  the  ground  rises,  the  foundation  should 
rise  accordingly  in  a  series  of  steps ;  the  distances  between,  and  the  height  of  the  several  rises,  be- 
ing regulated  according  to  circumstances,  but  the  footings  being  in  every  case  parallel  to  the  horizon, 
and  not  to  the  surface  of  the  ground.     This  method  will  ensure  a  firm  bed  for  the  several  courses,  and 
prevent  them  from  sliding,  as  they  would  be  apt  to  do  if  built  on  the  inclined  plane,  especially  in  wet 
seasons,  when  the  moisture  in  the  foundations  would  have  a  tendency  to  allow  the  inclined  part  to  de- 
scend towards  the  lowest  point,  to  the  manifest  danger  of  fracturing  the  walls,  and  possibly  involving 
the  total  destruction  of  the  building. 

51.  In  foundations  near  the  edge  of  water,  care  should  always  be  taken  to  examine  the  substra- 
tum most  minutely  and  to  a  considerable  depth,  as  many  fatal  accidents  have  occurred  from  foun- 
dations having  been  undermined  by  rivers.9    A  similar  degree  of  attention  should  likewise  be  given 

several  methods  that  have  been  made  use  of  to  preserve  timber.  Sir  Hugh  Platt  informs  us  that  the  Venetians  make  use 
of  one  which  seems  rery  rational,  viz.  to  burn  and  scorch  their  timber  in  a  flaming  fire,  continually  turning  it  round  with 
an  engine,  till  it  has  got  a  hard  black  crusty  coal  upon  it.  Others  inform  us  that  the  Dutch  preserve  their  gates,  port- 
cullises, drawbridges,  sluices,  &c.  by  coating  them  over  with  a  mixture  of  pitch  and  tar  whereon  they  strew  small  pieces 
of  cockle  and  other  shells,  beaten  almost  to  powder,  and  mixed  with  sea-sand,  which  incrusts  and  arms  it  wonderfully 
against  all  assaults  of  wind  and  weather.  But  for  my  own  part,  I  conclude  that  the  Venetian  method  is  preferable,  be- 
cause I  believe  it  is  the  sap  that  is  in  either  oak  or  fir  that  is  the  principal  cause  of  their  decaying  so  soon." 

9  On  this  subject  the  student  will  derive  much  useful  information  from  a  perusal  of  Smeaton's  Reports,  published  by 
the  Society  of  Engineers  in  1812,  in  three  vols.  quarto;  more  particularly  that  on  Hexham  bridge,  in  Northumberland; 
and  likewise  from  '  A  Treatise  on  Building  in  Water,'  by  George  Semple,  already  noticed  in  Note  8. 
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where  ground  has  been  wrought  or  dug  before.     In  such  cases  it  ought  never  to  be  trusted  to,  in  the 
condition  in  which  it  is  left,  but  should  be  dug  through  into  the  solid  earth. 

52.  In  laying  foundations  in  water,  two  difficulties  have  to  be  overcome,  both  of  which  require 
great  resources  and  care  on  the  part  of  the  Architect.     The  first  consist  in  the  means  to  be  used  in 
preparing  the  bed  of  the  foundation  ;  and  the  second  in  securing  the  bed  from  the  action  of  the  water, 
to  insure  the  safety  of  the  foundations.     The  last  is  generally  the  more  difficult  problem  of  the  two  ; 
for  a  current  of  water  will  gradually  wear  away,  not  only  every  variety  of  loose  soils,  but  also  the 
more  tender  rocks,  or  those  of  a  loose  texture  belonging  to  the  calcareous  and  argillaceous  classes — 
particularly  if  stratified — as  well  as  most  varieties  of  sandstone.     To  prepare  the  bed  of  a  founda- 
tion iii  stagnant  water,  the  only  difficulty  that  presents  itself  is  to  remove  the  water  from  the  area  on 
which  the  structure  is  to  rest.     If  the  depth  of  water  is  not  more  than  four  feet,  this  is  done  by  sur- 
rounding the  area  with  an  ordinary  water-tight  dam  of  clay,  or  of  some  other  binding  earth.     For 
this  purpose,  a  shallow  trench  is  formed  around  the  area  by  removing  the  soft  or  loose  stratum 
on  the  bottom  ;  the  foundation  of  the  dam  is  commenced  by  filling  this  trench  with  the  clay  ;  and 
the  dam  is  completed  by  spreading  successive  layers  of  clay  about  one  foot  thick,  and  pressing 
each  layer,  as  it  is  spread,  to  render  it  more  compact.     When  the  dam  is  completed,  the  water  is 
pumped  out  from  the  enclosed  area,  and  the  bed  for  the  foundation  is  prepared  as  on  dry  land.  When 
the  depth  of  stagnant  water  is  more  than  four  feet,  and  in  running  water  of  any  depth,  the  ordinary  dam 
must  be  replaced  by  the  coffer-dam.     This  construction  consists  of  two  rows  of  plank,  termed  sheeting- 
piles,  driven  into  the  soil  vertically,  forming  thus  a  cofler-work,  between  which,   clay  or  binding 
earth  is  filled  in  to  form  a  water-tight  dam,  so  as  to  exclude  the  water  from  the  area  enclosed. 

53.  Walls.] — The  requisite  precautions  having  been  taken,  according  to  the  circumstances  of  the 
case,  in  order  to  insure  a  safe  and  solid  foundation  for  the  structure,  the  next  subject  to  be  con- 
sidered is  the  nature  and  substance  of  the  several  walls.     This  must  be  regulated,  in  some  degree, 
by  the  quality  of  the  materials  used,  as  well  as  by  the  magnitude  of  the  building. 

54.  A  wall  should  be  able  to  resist  a  given  force,  acting  upon  it  either  with  uniform  pressure  over 
the  whole  surface,  or  partially  upon  certain  portions.    It  should  be  capable  of  sustaining  the  pressure 
of  vaults  or  a  roof,  acting  along  a  continued  abutment,  or  upon  points,  as  in  groin-vaulting ;  also  the 
power  of  the  wind  acting  uniformly  upon  the  whole  surface.     The  thickness  of  walls  must  be  re- 
gulated by  their  height,  as  well  as  the  weight  they  have  to  support ;  consequently  the  pressure  of  the 
roof,  the  floors,  and  the  additional  burdens  they  may  each  occasionally  be  required  to  sustain,  must  be 
taken  into  consideration,  when  determining  the  thickness  of  the  walls  of  a  building,  in  order  to  avoid 
on  the  one  hand  making  them  unnecessarily  thick,  or  falling  into  the  opposite  and  more  dangerous 
error  of  forming  them  of  inadequate  strength  to  support  the  superincumbent  weight.     The  latter 
is  certainly  the  more  common  error  with  modern  Builders. 

55.  The  great  laws  of  walling  are :  First,  that  the  foundations  be  sound,  and  the  footings  of  sufficient 
strength.     Second,  that  the  walls  stand  perpendicularly  to  the  ground- work :  the  right  angle  being 
the  ground  of  all  stability.10     Third,  that  the  more  massive  and  heavy  materials  be  the  lowest,  as 
fitter  to  bear  than  to  be  borne.     Fourth,  that  the  work  diminish  in  thickness  as  it  rises,  both  for 
the  ease  of  weight  and  of  expense.     Fifth,  that  certain  courses  or  lodges  of  more  strength  than  the 
rest  be  interlaid  like  bones  to  sustain  the  fabric  from  total  ruin,  should  some  of  the  under  parts  chance 

W  Of  course  this  principle  applies  more  particularly  to  the  walls  of  buildings  standing  detached  and  free  from  the  pres- 
sure of  any  extraneous  substance,  such  as  a  bank  of  earth  or  other  matter  constantly  pressing  against  it.  Where  such 
pressure  exists,  it  is  usual  to  construct  the  wall  on  a  totally  different  principle,  giving  the  external  surface  of  the  wall  an 
inclination  outwards  or  inwards  according  to  circumstances. 
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to  decay.      Sixth,  that  the  angles  be  firmly  bound :  they  being  as  it  were  the  nerves  of  the  whole 
fabric. 

56.  It  is  generally  recommended  that  the  lowest/ootinjrs  of  external  walls  be  made  twice  the  width 
of  the  superincumbent  walls  ;  and  those  for  the  partition-walls  once  and  a  half  their  width  ;  and  that 
the  whole  be  commenced  on  the  same  level.11 

57.  The  footings  to  brick  walls  should  be  carried  up  in  thicknesses  of  two  courses  ;  each  footing 
being  diminished  half-a-brick  in  width,  till  they  are  reduced  to  the  intended  thickness  of  the  wall. 
The  number  and  thickness  of  the  footings  of  walls,  in  large  buildings,  must  be  regulated  by  the  weight 
the  different  parts  have  to  carry. 

58.  In  executing  the  brickwork  of  foundation-walls,  it  is  a  very  important  point  that  what  is  termed 
by  the  workmen  the  bond,  should  be  properly  observed  :  as  every  previous  precaution  may  bo  rendered 
nugatory  by  the  adoption  of  a  bad  or  negligent  method  of  laying  and  bonding  the  bricks. 

59.  It  is  desirable  that  in  every  two  perpendicular  courses  of  the  footings,  the  lower  course  should 
be  laid  stretching  or  longitudinally,  and  the  upper  one  heading  or  transversely.     By  this  method  two 
inches  of  the  brick  is  uncovered,  and  six  inches  and  a  half  inserted  in  the  solidity  of  the  next  two 
courses  and  of  the  superincumbent  wall.     But  if  this  practice  be  reversed,  and  the  stretching  course 
placed  uppermost,  then  two  inches  will  be  uncovered,  and  only  two  inches  and  a  quarter  covered  by 
the  next  courses,  and  no  part  whatever  will  be  compressed  by  the  solidity  of  the  wall.     In  this  latter 
case  the  insistent  weight  has  a  tendency  to  raise  the  uninserted  part  of  the  brick  upwards,  and  re- 
moves the  intended  weight  from  the  extremity  of  the  footing  to  the  perpendicular  line  of  the  wall, 
thereby  rendering  the  spreading  of  the  footing  of  no  avail. 

60.  Instead  of  laying  the  bricks  in  the  interior  of  the  wall,  after  the  external  courses  are  laid 
directly  across  the  wall,  they  should  be  laid  alternately,  diagonally,  transversely,  and  diagonally  the 
contrary  way  ;  the  interstices  next  the  outside  courses  being  filled  in  solid  with  pieces  of  brick  ;  and 
the  whole  of  the  bricks  being  thoroughly  bedded  in  mortar,  drawn  up  and  flushed  so  that  no  vacuity 
whatever  shall  be  left. 

61.  The  more  evenly  the  bricks  are  laid  in  a  foundation  the  better,  as  the  strength  of  the  wall  is 
materially  increased  thereby.     The  smaller  the  quantity  of  mortar  used  the  better  also. 

62.  The  strength  of  brick  walls  is  materially  increased  by  adding  occasionally  courses  of  hard  stone, 
which  serve  like  sinews  to  keep  all  the  rest  firmly  together,  and  are  of  great  use  when  a  wall  happens 
to  sink  more  on  one  side  than  another.     The  strength  is  likewise  further  increased  by  fortifying  the 
angles  with  stone,  and  at  the  same  time  the  appearance  of  the  building  is  improved  thereby. 

63.  In  the  most  perfect  way  of  forming  the  diminution  of  walls,  the  middle  of  the  thinnest  part  be- 
ing directly  over  the  middle  of  the  thickest,  the  whole  is  of  a  pyramidal  form  ;  but  when  one  side  of 
the  wall  must  of  necessity  be  perpendicular  and  plain,  it  must  be  the  inner,  on  account  of  the  walls 
and  cross  walls.     The  diminished  part  of  the  outside  may  be  covered  in  this  case  with  a  fascia  and 
cornice,  which  will  at  once  give  strength  and  be  ornamental. 

64.  It  is  a  common  method  of  building  to  insert  a  considerable  quantity  of  timber  in  walls  as 
bond.    It  is,  however,  a  dangerous  practice  to  construct  walls  in  such  a  manner  that  their  principal 
support  depends  on  timber,  as  timber  inserted  in  new  walls  is  very  liable  to  decay,  the  lime  and  damp 

11  Where  the  foundation  is  equal  and  firm,  and  the  material  of  similar  specific  gravity,  the  breadth  ought  to  be  as  the 
area  of  the  vertical  section  passing  through  the  line  in  which  it  is  measured.  For  example,  suppose  a  wall  40  feet  high, 
and  2  feet  thick,  to  have  a  sufficient  foundation  at  the  breadth  of  3  feet,  what  should  the  breadth  of  the  foundation  be 
when  the  wall  is  60  feet  high  and  2J  feet  thick  ?  By  taking  the  proportion  40  X  2  :  3  : :  60  X  2J,  we  shall  have  SJ 
feet. 

c 
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of  the  brickwork  being  active  agents  in  producing  putrefaction,  particularly  where  the  scrapings  of 
roads  is  used  instead  of  sand  for  mortar.  It  is  from  this  cause  that  bond-timbers,  wall-plates,  and 
the  ends  of  girders,  joists,  and  lintels,  are  frequently  found  in  a  state  of  decomposition. 

65.  It  was  a  custom  with  Builders,  in  former  times,  to  bed  the  ends  of  girders  and  joists  in  loam  in- 
stead of  mortar :  as  is  directed  in  the  act  of  parliament  for  rebuilding  the  city  of  London.     The  usual 
method  of  putting  bond-timber  in  walls  is  to  lay  it  next  the  inside  ;  but  this  bond  often  decays,  and 
of  course  leaves  the  wall  resting  on  the  external  course  or  courses  of  bricks  ;  and  fractures,  bulges, 
or  total  failure,  are  the  natural  consequence.     These  evils  may  be  in  some  degree  avoided  by  placing 
the  bond-timber  in  the  middle  of  the  wall,  so  that  there  shall  be  brickwork  on  each  side  of  it,  and  by 
not  putting  continued  bond  to  receive  the  skirtings,  battens,  grounds,  &c. 

66.  The  bond  inserted  in  walls  should  always  be  in  considerable  lengths,  and  be  continued  through 
the  several  apertures,  in  which  it  ought  to  be  allowed  to  remain  as  long  as  possible. 

67.  It  is  of  the   utmost   importance  in  brick   buildings   that  the  lond  should^  be  as    perfect 
as  possible.     There  are  two  kinds  of  bond  in  brickwork.     The  one  is  termed  Old  English  bond,  which 
consists  in  laying  the  bricks  throughout  the  wall  in  alternate  courses  of  headers  and  stretchers.     The 
other  termed  Flemish  bond,  consists  in  placing  in  the  same  course,  headers  and  stretchers  alternately. 
This  latter  kind  of  work  was  introduced  into  England  during  the  reign  of  William  III.  and  has  al- 
most entirely  superseded  the  old  English  method. 

68.  Mr.  G.  Saunders,  in  his  '  Observations  on  Brick  Bond,'*  remarks,  with  reference  to  the  in- 
troduction of  the  Flemish  bond,  "  Strength  was  then  sacrificed  to  a  minute  difference  in  the  outside 
appearance,  and  bricks  of  two  qualities  were  fabricated  for  the  purpose ;  a  fine  brick,  often  to  be 
rubbed  and  laid  in  what  is  called  a  close  putty  joint  for  the  exterior,  and  an  inferior  coarse  brick  for  the 
interior  substance  of  the  wall.     As  these  did  not  correspond  in  thickness,  the  exterior  and  interior  of  the 
wall  could  not  be  otherwise  connected  together  than  by  an  outside  heading-brick,  that  was  here  and 
there  continued  of  its  whole  length  where  the  exterior  and  interior  courses  happened  to  admit  of  it, 
which  might  not  occur  for  a  considerable  space.     The  evil  increased  so  far,  that  walls  are  found  to  con- 
sist of  two  separate  outside  faces,  of  four  inches  each  in  thickness,  and  the  interior  substance  of  little  bet- 
ter than  rubbish.  Not  aware  from  whence  the  evil  proceeds,  considerate  bricklayers  have  projected  va- 
rious schemes  for  obviating  the  defects  in  working  with  Flemish  bond.    These  defects  are,  in  one  or  both 
faces  bulging  away  from  the  interior  substance  ;  or  the  failure  of  the  wall,  by  its  separating  into  two 
thicknesses  along  the  middle,  which  sometimes  takes  place  when  there  is  a  great  superincumbent  weight 
on  it,  and  is  called  splitting.     This  latter  failure  is  the  great  terror  of  a  bricklayer.     To  prevent  this 
evil,  some  lay  laths  or  hoop-iron  occasionally  in  the  horizontal  joints  between  two  courses  ;  others  laj 
diagonal  courses  of  bricks  at  certain  heights  from  each  other  ;  but  the  good  effect  of  this  last  mode 
is  much  doubted,  as  in  the  diagonal  course,  by  not  being  continued  to  the  outside,  the  bricks  are 
much  mangled  where  strength  is  wanted.     Others  lay  all  heading-courses  within  the  outside  Flem- 
ish bond,  a  practice  in  great  repute  ;  making  the  face-work  alternately  of  nine,  and  of  four  inches  in 
thickness.     This,  as  far  as  relates  to  the  splitting  of  the  wall,  is  an  effectual  preventive  ;  but  in  curing 
one  evil  another  is  increased,  for  here  there  is  no  stretching-bond,  the  little  that  occurs  in  Flemish 
bond  face-work  being  too  trifling  to  be  of  any  avail ;  so  that  the  least  inequality  of  settlement  or 
weight  in  the  longitudinal  direction  of  the  wall,  occasions  a  separation  at  the  vertical  joints,  as  may 
be  often  seen  in  the  fronts  of  buildings.     The  outside  appearance  is  all  that  can  be  advanced  in 
favour  of  Flemish  bond.     Of  this,  however,  opinions  are  far  from  being  in  accord.     Of  those  who 
have  considered  the  subject,  some  allege  that  if  the  courses  were  alternately  of  stretchers  and  of 

*   A  pamphlet  published  by  Tuylor,  1805. 
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headers  which  is  the  old  English  bond — executed  with  the  same  neatness  usually  shown  in  Flemish 
bond,  it  would  be  equally  or  more  pleasing.  It  is  of  great  importance  that  all  concerned  in  directing 
the  construction  of  brick  walls,  should  urge  the  rejection  of  the  Flemish  fashion." 

69.  In  carrying  up  brick  buildings,  it  is  desirable  that  the  walls  should  be  worked  in  heights  of 
from  four  to  five  feet  at  a  time,  all  round  the  building  simultaneously  ;  otherwise,  as  all  walls  imme- 
diately shrink  after  they  are  built,  if  the  parts  are  brought  up  irregularly,  those  which  are  connected 
with  others  that  have  already  settled  will,  in  drying,  shrink  and  cause  a  cracking  of  the  joints,  which 
will  increase  in  extent,   and  become  more  and  more  injurious  as  the   work   proceeds.     Nothing 
but  absolute  necessity  can  justify  the  work  being  carried  up  higher  in  any  particular  part,  than 
the  height  of  one  scaffold,  and  when  such  necessity  exists,  the  work  should  be  sloped-ofF  to  receive 
the  bond  when  the  rest  is  completed. 

70.  The  mortar-bed  of  brick  may  be  cither  of  ordinary,  or  thin-tempered  mortar  ;  the  latter,  how- 
ever, is  the  best,  as  it  makes  closer  joints,  and,  containing  more  water,  does  not  dry  so  rapidly  as 
the  other.     As  brick  has  great  avidity  for  water,   it  would  always  be  well  not  to  moisten  it  before 
laying  it,  but  to  allow  it  to  soak  in  water  several  hours  before  it  is  used.     By  taking  this  precaution, 
the  mortar  between  the  joints  will  set  more  firmly  than  when  it  imparts  its  water  to  the  dry  brick, 
which  it  frequently  does  so  rapidly  as  to  render  the  mortar  pulverulent  when  it  has  dried. 

71.  When  brickwork  is  executed  during  the  winter,  care  should  be  taken  to  preserve  the  walls  as 
much  as  possible  from  the  effects  of  alternate  rain  and  frost ;  as  from  the  water  penetrating  into  the 
walls,  and  the  frost  converting  such  water  into  ice,  its  bulk  is  increased,  and  consequently  it  expands, 
and  bursts  or  crumbles  the  material  of  which  the  wall  is  composed. 

72.  In  London  and  its  vicinity,  walls  are  now  most  commonly  constructed  of  brick  ;  and,  although 
in  buildings  of  a  superior  description  the  external  walls  are  frequently  faced  with  wrought  stone,  they 
are  seldom  constructed  of  stone  throughout,  as  is  the  case  in  such  parts  of  England  where  stone  is 
more  abundant,  particularly  about  Bath,  nearly  the  whole  of  which  city  is  built  entirely  of  stone. 
The  stone  used  principally  in  London  is  brought  from  the  Isle  of  Portland,  from  Bath,  from  Worth 
in  Sussex,  and  from  Bromley-fall  and  Whitby  in  Yorkshire.     Of  late  years,  considerable  quantities 
of  stone  have  been  sent  from  Scotland  to  London,  particularly  from  Cragleith  and  from  Dundee, 
both  of  which  are  of  good  quality.     Various  kinds  of  granite  are  likewise  supplied  from  Scotland, 
amongst  which  the  Peterhead  from  the  vicinity  of  Aberdeen  is  perhaps  the  best.     Granite  is  like- 
wise suppHed  from  Devonshire  and  from  Cornwall,  and  from  the  islands  of  Guernsey  and  Jersey. 
The  walls  of  some  of  the  most  ancient  buildings  in  London  are,  however,  constructed  of  Kentish 
rag-stone,  amongst  which  Westminster  Hall,  the  parts  now  remaining  of  the  ancient  palace  at  West- 
minster, parts  of  the  Tower,  and  of  St.  Saviour's  Church,  Southwark,  may  be  particularly  instanced. 
In  several  parts  of  the  kingdom,  particularly  in  Norfolk  and  Suffolk,  flints  are  much  used  for  build 
ing  with  ;  and  there  are  some  very  fine  ancient  walls  now  standing  in  the  city  of  Norwich,  formed  of 
that  material. 

73.  Walls  built  wholly  of  wrought  stone  may  be  less  in  thickness  than  those  constructed  of  brick, 
by  one-sixth  at  the  least.     In  wrought  stone  walls  it  is  of  the  greatest  consequence  to  make  the  joints 
between  the  stones  as  small  as  possible ;  and  it  is  a  good  practice  to  lay  thin  sheet-lead  between 
them,  as  is  often  done  in  constructing  the  shafts  of  stone  columns. 

74.  The  decay  of  buildings  commonly  attributed  to  time,  is  in  reality  principally  occasioned  by 
the  repeated  alternate  effects  of  rain  and  frost ;  but,  as  in  finished  edifices  the  vertical  surfaces  o! 
the  walls  only  are  exposed  to  such  action,  the  injury  produced  thereby  is  not  so  rapid  as  in  those  tha* 
are  unfinished,  where  there  is  likewise  a  horizontal  surface  exposed,  so  that  the  rain  and  frost  botli 
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penetrate  into  the  body  of  the  work.  Whilst  a  building  is  in  progress,  when  stormy  or  frosty  weather 
sets  in  precautions  should  be  immediately  taken  to  cover  the  walls,  so  as  effectually  to  exclude  both 
wet  and  frost.  Straw  and  weather-boarding  are  both  useful  for  this  purpose  :  the  best  way  to  pro- 
ceed is  to  cover  the  whole  of  the  tops  of  the  walls  with  straw,  and  then  lay  weather-boarding  over  it, 
projecting  on  each  side  similar  to  coping. 

75.  Drainage.]—  Every  building,  whatever  may  be  its  size  or  the  object  for  which  it  is  constructed, 
should  be  provided  with  adequate  means  for  conveying  away  the  refuse-water  and  other  useless  and 
offensive  matter,  otherwise  it  will  ever  be  damp  and  uncomfortable.     For  this  purpose  drains  should 
be  constructed  of  such  forms  and  dimensions  that  they  will  not  be  liable  to  be  choked  up  by  the  filth 
of  various  kinds  that  will  make  its  way  into  them  with  the  water.     Mr.  Smith,  of  Deanston,  who  has 
introduced  the  greatest  improvements  in  land  drainage,  advances  the  general  principle,  that  the  size 
of  sewers  should  be  so  adjusted  as  to  have  them  always  as  full  as  possible,  with  a  quick  flow ;  and  he 
contends  that  the  drainage  of  a  city  might  and  should  be  so  constructed  as  to  give  rise  to  as  little 
occasion  for  men  to  go  through  the  main  drains  as  there  is  for  men  to  go  through  the  main  pipes  for 
conveying  supplies  of  water.     He  would  make  the  drains  narrow.     "  Their  transverse  section  should 
exhibit  an  oval  or  egg-shape,  having  the  vertical  diameter  at  least  double  the  length  of  the  horizon- 
tal.    The  bricks  used  should  be  made  on  purpose,  with  radiating  sides."     "  Care  should  be  taken  to 
make  the  building  water-tight  and  air-tight,  and  to  prevent  the  foul  water  and  effluvia  passing  into  the 
contiguous  soil.     Where  land  drainage  is  to  be  received,  special  openings  can  be  made  at  intervals  to 
receive  it.     All  private  drainage  should  pass  into  the  sewers  under  ground  by  well-secured  channels 
or  pipes.    Strong  clay  pipes,  of  an  oval  section,  hard  burned,  and  with  a  good  arrangement  for  secure 
jointing,  might  be  cheaply  procured  for  the  purpose." 

76.  In  large  buildings  it  is  necessary,  and  in  smaller  ones  it  is  desirable,  that  there  should  be  a 
main  or  principal  drain  of  adequate  size  to  receive  the  contents  of  the  inferior  ones  from  the  different 
parts  of  the  building  ;  and  care  should  be  taken  that  each  drain  has  a  sufficient  degree  of  inclination 
to  form  a  current.    A  prevalent  practice  is  to  join  sewers  at  angles,  frequently  at  right  angles.    This 
occasions  eddies  and  deposits  of  sediment  that  would  otherwise  pass  off  with  the  water. 

77.  In  determining  the  dimension  of  the  drains  in  any  given  case,  it  will  be  necessary  to  consider 
the  quantity  of  water  that  may  at  any  time  be  required  to  be  conveyed  away,  from  the  roof  and  other 
parts,  during  heavy  showers  of  rain,  sudden  thaws  of  snow,  and  on  other  extraordinary  occasions. 
Segment-bottomed  are  much  superior  to  flat-bottomed  sewers,  which  always  have  a  larger  amount  of 
deposit  with  the  same  flow  of  water.     A  good  invert  is  the  segment  of  a  circle  whose  chord,  being 
three  feet,  the  versed  sine  is  six  inches.     Flat  sided  sewers  are  also  greatly  inferior  in  strength  to 
those  with  curved  sides ;  and  ought  not  to  be  used  in  clayey  or  slippery  ground  where  there  is  much 
pressure  on  the  sides. 

78.  As  the  drains  are  intended  to  convey  away,  not  only  the  refuse-water  from  the  building,  but 
the  filth  of  various  descriptions  that  may  accompany  it,  it  is  necessary  to  have,  in  proper  situations, 
receptacles  for  such  sediment,  from  whence  it  may  be  removed  without  occasioning  inconvenience  to 
the  inmates  of  the  structure.    These  receptacles  are  termed  cesspools.    The  larger  they  are  made,  the 
better,  as  they  will  consequently  require  cleaning  out  less  frequently. 

79.  In  situations  where  the  soil  admits  of  it,  the  lower  portion  of  the  cesspool  should  be  constructed 
without  the  use  of  mortar,  by  which  means  the  water  collected  in  the  cesspool  will  filter  through  the 
crevices,  and  thereby  render  any  further  drainage  unnecessary.     Where  practicable,  it  is  desirable 
that  the  main  drain  should  discharge  itself  into  a  running  stream,  and  the  use  of  the  cesspool  be  dis- 
pensed with. 

80.  In  London,  the  drains  for  the  most  part  discharge  themselves  into  the  common  sewers,  which 
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happily  are  daily  becoming  more  extended  throughout  the  metropolis  and  its  vicinity,  and  are  doubt- 
less one  of  the  principal  causes  of  its  increased  salubrity.  The  healthiness  of  a  whole  town  is  often 
essentially  improved  by  the  formation  of  a  single  sewer  or  drain.  The  city  of  Stuttgard  has,  by  the 
adoption  of  a  good  system  of  drainage,  entirely  got  rid  of  a  peculiar  endemic  fever  ;  and  Pavia,  by 
the  filling  up  of  the  city-ditches,  has  had  its  average  duration  of  life  much  raised. 

81.  The  providing  of  adequate  means  of  drainage  is  in  all  cases  most  important,  and  cannot  be  too 
strongly  pressed  on  the  attention  of  the  Builder,  as  on  its  completeness  and  efficiency  depends,  in  a 
great  degree,  not  only  the  comfort  but  likewise  the  health  of  the  inhabitants  ;  this  is  of  course  more 
particularly  essential  in  cities  and  populous  towns,  but  where,  nevertheless,  it  is  from  various  causes 
too  often  neglected.    Even  in  London  we  may  sometimes  find  whole  streets  of  dwelling-houses  erected 
without  any  adequate  means  of  drainage  ;  the  refuse-water  and  filth  of  various  descriptions  being 
consequently  continually  accumulating  and  corrupting  the  air  of  the  place.     Indeed,  some  instances 
might  be  pointed  out,  where  the  drainage  of  extensive  districts  is  collected  and  conducted  in  open 
channels  for  considerable  distances  through  populous  neighbourhoods  ;  and  thus  torrents  of  filth  and 
corruption  are  constantly  rushing  along  and  contaminating  the  surrounding  air,  and  at  the  same  time 
injuring,  to  a  deplorable  extent,  the  health  of  the  unfortunate  people  who  are  constrained  to  live  in 
the  vicinity  of  these  noxious  and  pestilential  currents. 

82.  When  building  in  a  low  damp  situation  is  unavoidable,  it  is  advisable  to  raise  the  level  of  the 
principal  floor  considerably  more  above  the  ground  than  is  usual  in  ordinary  cases.     By  this  means 
the  house  will  be  kept  more  dry  and  wholesome,  and  the  labour  of  excavating  for  the  cellars,  &c.  will 
be  lessened.     The  cellars  should  on  such  occasions  be  vaulted,  or  precautions  taken,  in  forming  the 
floors  of  the  rooms  above,  to  prevent  the  damp  rising  through  them. 

83.  It  is  a  good  practice  in  such  cases,  and  more  especially  where  an  open  area  round  the  house 
would  be  inconvenient,  to  form  what  is  termed  a  dry  drain  round  the  whole  of  the  exterior,  in  order 
that  the  damp  soil  may  be  kept  from  the  main  walls.    This  may  be  effected  by  excavating  the  ground 
round  the  exterior  of  the  structure  to  the  width  of  eighteen  inches  or  two  feet,  building  a  wall 
adequate  to  resist  the  pressure  of  the  earth,  and  turning  a  quadrant  arch  from  the  top  of  the  same 
against  the  walls  of  the  house  ;  the  crown  of  the  arch  being  kept  a  few  inches  below  the  finished  line 
of  the  ground,  with  apertures  therein  sufficient  to  ensure  a  free  circulation  of  the  air.12 

84.  When  bricks  abound  as  a  building  material,  they  are  particularly  convenient  for  the  construc- 
tion of  deep  sewers  and  drains,  from  the  facility  of  handling  in  confined  spaces  ;  but  it  is  important 
their  quality  should  be  of  the  best,  since  if  they  scale  and  decay,  great  expense  must  be  involved  in 
the  repair  of  the  drain.     The  Tipton,  or  blue  brick,  is  the  best  for  the  face-work  of  drains.     In  parts 
of  the  country  where  stone  abounds,  bricks  are  often  little  known,  and  the  resources  of  the  district 
must  be  made  use  of.    Where  the  blue  lias  limestone  occurs,  Captain  Vetch  found  it  a  cheap  and  ex- 
cellent material  for  forming  culverts  and  drains  of  all  sizes.     It  was  used  largely  for  that  purpose  on 
the  Birmingham  and  Gloucester  railway. 

85.  Roofs.} — In  determining  the  method  to  be  adopted  for  covering  a  building,  two  extremes  are 
to  be  avoided, — the  making  it  too  heavy,  or  too  light.     If  too  heavy,  the  pressure  on  the  walls  will 
be  excessive  ;  if  too  light,  the  defect  will  be  equally  prejudicial  to  the  building  ;  for  the  covering  is 
not  merely  to  be  considered  as  a  defence  from  the  weather,  but  it  should  act  as  a  bond  or  ligature  to 

12  The  best  means  of  introducing  an  effective  system  of  drainage — as  one  principal  means  of  improving  the  sanitary  con- 
dition of  the  people,  especially  of  the  lower  classes,  whose  dwellings  throughout  England  and  Scotland  have  hitherto 
been  very  ill  provided  with  proper  drains — is  now  [1843]  occupying  the  attention  of  a  Parliamentary  commission.  They 
report  that  wherever  an  efficient  system  of  drainage  has  been  introduced,  the  number  of  febrile  diseases  annually  occur- 
ring in  a  given  number  of  the  population  has  been  greatly  reduced. 
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the  structure ;  when,  therefore,  the  roof  is  too  light,  the  building  is  deficient  in  stability.    Of  the  two 
extremes,  a  house  top-heavy  is  certainly  the  worst. 

86.  In  constructing  a  roof,  care  should  be  taken  that  the  pressure  be  equally  distributed  on  the 
several  walls,  as  in  that  case  it  becomes  one  of  the  principal  ties  to  a  building. 

87.  The  forms  of  roofs  are  various,  and  should  be  adapted  to  the  climate  and  the  material  with 
which  they  are  to  be  covered. 

88.  In  warm  and  dry  climates,  roofs  may  be  made  flat,  as  is  the  case  generally  in  the  East,  from 
which  countries  it  is  supposed  the  ancient  Greeks  copied  the  forms  of  those  of  their  earliest  build- 
ings.   The  inconvenience  of  flat  roofs  being  probably  soon  felt,  the  roofs  of  their  temples  we  find  were 
constructed  of  two  inclined  rectangular  planes,  sloping  from  the  middle  to  the  sides,  and  inclining 
equally  to  the  horizon  ;  the  wall  at  each  extremity  being  terminated  in  the  form  of  an  isosceles  tri- 
angle, with  an  horizontal  base.     The  proportion  of  the  height  of  this  triangle  to  its  base  was  as  one 
to  eight,  or  one  to  nine. 

89.  The  Romans  adopted  the  same  form  of  roof,  but  varied  the  proportion  considerably,  making 
the  height  from  one-fifth  to  two-ninths  of  the  span.     After  the  decline  of  the  Roman  empire,  high 
pitched  roofs  were  very  generally  adopted,  probably  from  such  proportions  being  commonly  in  use 
amongst  the  Northern  nations  by  whom  Italy  was  overrun. 

90.  In  most  of  the  old  buildings  in  Great  Britain,  whether  public  or  private,  the  equilateral  tranglo 
seems  to  have  been  long  considered  as  the  standard-proportion  for  the  roof.     This  pitch  continued 
to  be  used  for  several  centuries ;  after  which  the  ridge  was  somewhat  lowered,  the  rafters  being  made 
three-fourths  the  breadth  of  the  building,  which  proportion  was  termed  the  true  pitch.     Subsequently 
the  pitch  or  angle  of  the  ridge  formed  a  right  angle  ;  but  the  height  of  the  roof  was  gradually  dimin- 
ished from  the  last  noticed  proportion  to  one-third  of  the  span  or  width,  and  from  that  to  one- 
quarter,  which  is  now  a  very  general  standard,  though  some  roofs  have  been  executed  of  a  much 
lower  proportion.13 

91.  The  chief  advantage  arising  from  the  adoption  of  a  high-pitched  roof  is  that  the  rain  is  dis- 
charged therefrom  with  greater  facility,  and  the  snow  continues  for  a  shorter  period  on  the  sides  of 
it ;  such  a  roof  is  likewise  less  liable  to  be  stripped  by  high  winds.     But  it  should  at  the  same  time 
be  observed,  that,  from  the  increase  in  the  height  of  the  roof,  the  effect  of  violent  gusts  of  wind  on 
the  body  of  the  structure  is  much  increased.     Low  roofs  require  large  slates,  and  the  utmost  care  in 
the  execution ;  they  have  the  advantage,  however,  of  being  much  cheaper,  since  they  admit  of  the 
timbers  being  shorter,  and  of  smaller  scantling. 

92.  The  most  simple  form  of  a  roof  is  that  which  has  only  one  row  of  timbers,  arranged  in  an  in- 
clined plane,  which  throws  the  rain  wholly  to  one  side.    This  form  of  roof  is  called  a  shed  roof  or  lean 
to,  and  is  of  course  only  applicable  to  inferior  buildings  of  small  dimensions. 

93.  A  more  elegant  form  of  roof  for  a  rectangular  building  consists  of  two  rectangular  planes  of 

M  The  general  height  of  roofs  varies  between  one-third  and  one-sixth  of  the  span.  For  slates  the  usual  height  is  one. 
fourth,  which  makes  the  angle  of  inclination  to  the  horizon  26J°.  Mr.  Tredgold  indicates  the  inclination  and  height  which 
may  be  given  to  other  materials  as  follows  : 

Height  of  roof  in 

Inclination  proportion  to  space. 

Copper  or  lead      .            .             ...               3°  5ff  JL 

Large  slates                ....       22°  £ 

Ordinary  sized  slates       .             .            .              26°  33'  1 

Stone  slate  or  Plain  tiles        .             .            .       29°  41'  J 
Stone  tiles             .."„'.            24° 
Thatch  of  straw,  reeds,  or  heath        .             .       4fl° 
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equal  breadth,  having  the  same  degree  of  inclination  to  the  plane  of  the  wall-head.  This  is  some- 
times called  a  pent  roof.  The  triangular  piece  of  wall  at  each  extremity,  enclosing  the  roof,  is  termed 
a  gable. 

94.  When  all  the  four  sides  of  a  roof  are  formed  by  inclined  planes,  the  roof  is  said  to  be  hipped. 
The  inclined  ridges,  springing  from  the  angles  of  the  walls,  are  called  the  hips.     Hipped  roofs  are 
frequently  truncated.     See  article  97. 

95.  There  is  likewise  another  species  of  roof,  termed  the  curb  roof,  which  is  formed  by  four  con- 
tiguous planes,  the  two  forming  each  side  of  the  roof  having  an  external  inclination  ;  the  ridge  being 
the  line  of  concourse  of  the  two  uppermost  planes,  and  the  highest  of  the  three  lines  of  concourse. 
This  construction  is  frequently  denominated  the  Mansarde  roof,  from  its  inventor  Francis  Mansart, 
an  eminent  French  architect.     The  chief  advantage  of  this  form  of  roof  is  that,  as  the  lower  rafters 
pitch  almost  perpendicularly  to  their  bases,  and  consequently  form  nearly  a  continuation  of  the  wall, 
a  much  larger  portion  of  the  space  within  the  roof  can  be  made  use  of  than  is  practicable  in  the  com- 
mon roofs,  in  consequence  of  the  great  inclination  of  their  sides. 

96.  Roofs  upon  circular  bases,  with  all  their  horizontal  sections  circular,  the  centres  of  the  circles 
being  in  a  straight  line  drawn  from  the  centre  of  the  base  perpendicular  to  the  horizon,  are  called 
revolved  roofs,  or  roofs  of  revolution. 

97.  When  the  plan  of  the  building  is  a  trapezium,  and  the  wall-heads  are  properly  levelled,  the 
roof  cannot  be  executed  in  plane  surfaces  so  as  to  determine  it  in  a  level  ridge  :  the  sides  therefore, 
instead  of  being  planes,  are  sometimes  made  to  wind,  in  order  that  the  summit  may  be  parallel  to  the 
horizon  ;  but  the  preferable  method  is  to  make  the  sides  of  the  roof  planes,  enclosing  a  level  space 
or  flat  in  the  form  of  a  triangle  or  trapezium,  at  the  summit  of  the  roof.     Roofs  flat  on  the  top  are 
said  to  be  truncated  ;  these  are  chiefly  employed  with  a  view  to  diminish  the  height. 

98.  Sometimes  in  roofs  of  rectangular  buildings,  instead  of  a  flat  at  the  top,  a  valley  is  made, 
which  makes  the  vertical  section  somewhat  in  the  form  of  the  letter  M,  or  rather  in  that  of  an  in- 
verted W.     This  species  of  roof  is  termed  an  M  roof. 

99.  When  the  plan  of  the  roof  is  a  regular  polygon,  a  circle,  or  an  ellipse,  the  horizontal  sections 
being  all  similar  to  the  base,  and  the  vertical  sections  a  portion  of  any  curve,  convex  on  the  outside, 
the  roof  is  said  to  be  domical. 

100.  The  ordinary  covering  for  roofs  is  either  thatch,  tiles,  slates,  stone,  iron,  lead,  or  copper.    A 
composition  called  tessera  has  of  late  been  occasionally  used  for  covering  flat  roofs  ;  and  still  more 
recently,  malleable  zinc  has  been  introduced  for  covering  roofs.     Wrought  iron,  bent  in  the  form 
of  pantiles,  has  likewise  been  employed  for  covering  the  roofs  of  extensive  sheds  and  warehouses.    In 
some  parts  of  the  country  shingles,  which  are  small  boards  similar  in  form  to  slates,  made  of  oak, 
either  sawed  or  cleft,  from  eight  to  twelve  inches  long,  and  four  inches  broad,  are  likewise  used  for 
covering  roofs. 

101.  Thatched  roofs  are  formed  either  of  straw  or  reeds.     When  well-executed,  either  will  last 
many  years,  and  form  a  very  good  covering  to  a  building.     The  chief  objection  to  their  use  is  that 
they  form  a  harbour  for  vermin. 

102.  The  materials  used  for  covering  roofs  vary  in  different  parts  of  the  country.     The  natural 
production  of  the  district  being  of  course  the  easiest  obtained,  is  most  frequently  adopted  for  ordinary 
buildings  :  thus,  in  Gloucestershire  and  Oxfordshire,  we  find  them  very  generally  covered  with  thin 
slabs  of  stone ;  whilst  in  Sussex,  Surrey,  and  Norfolk,  tiles  are  more  common.     The  effects  of  the 
daily  increasing  facilities  for  transmission  are,  however,  very  apparent  in  this  particular,  as  we  now 
find  the  use  of  slate  becoming  very  general  in  almost  every  county  of  England  and  Scotland,  par- 
ticularly in  the  superior  description  of  buildings. 
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103.  In  London  and  its  vicinity,  slates,  either  from  Wales  or  Westmoreland,  are  very  generally 
adopted ;  though  tiles  are  likewise  still  very  common.     Tiles,  when  they  are  of  a  good  description, 
and  glazed — as  is  the  common  practice  in  some  parts  of  the  country — form  a  very  excellent  and 
durable  covering ;  though,  from  their  great  weight,  they  require  the  timbers  of  the  roof  to  be  made 
much  stronger  than  is  necessary  for  slates. 

104.  A  composition  invented  by  Lord  Stanhope,  and  used  by  the  late  Mr.  Nash,  for  covering  the 
nearly  flat  fire-proof  roofs  of  Buckingham  Palace,  is  described  as  being  composed  of  Stockholm  tar, 
dried  chalk  in  powder,  and  sifted  sand,  in  the  proportion  of  three  gallons  of  tar  to  two  bushels  of 
chalk  and  one  bushel  of  sand,  the  whole  being  well  boiled  and  mixed  together  in  an  iron  pot.     It  is 
laid  on  in  a  fluid  state,  in  two  separate  coats,  each  about  three-eighths  of  an  inch  in  thickness, 
squared  slates  being  imbedded  in  the  upper  coat,  allowing  the  mixture  to  flush  up  between  the  joints 
the  whole  thickness  of  the  two  coats,  and  the  slates  being  about  an  inch.     The  object  in  imbedding 
the  slates  in  the  composition,  is  to  prevent  its  becoming  softened  by  the  heat  of  the  sun,  and  sliding 
down  to  the  lower  part  of  the  roof,  an  inclination  being  given  of  only  one  inch  and  a-half  in  ten  feet, 
which  is  sufficient  to  carry  off  the  water,  when  the  work  is  carefully  executed.     One  gutter,  or  water- 
course, is  made  as  near  to  the  centre  as  possible,  in  order  to  prevent  any  tendency  to  shrink  from 
the  walls,  and  also  that  the  repairs,  when  required,  may  be  the  more  readily  effected.     It  is  stated, 
that  after  a  fall  of  snow,  it  is  not  necessary  to  throw  it  from  the  roof,  but  merely  to  open  a  channel 
along  the  water-course,  and  that  no  overflowing  has  ever  occurred ;  whereas  with  metal  roofs  it  is 
necessary  to  throw  off  the  whole  of  the  snow  on  the  first  indication  of  a  thaw.     These  roofs  have 
been  found  to  prevent  the  spreading  of  fires.     Another  advantage  is  stated  to  be  the  facility  of  repair 
which  the  composition  offers,  as,  if  a  leak  occurs,  it  can  be  seared  and  rendered  perfectly  water-tight 
by  passing  a  hot  iron  over  it ;  and  when  taken  up,  the  mixture  can  be  re-melted  and  used  again. 
The  author  proposes  to  obviate  the  disadvantage  of  the  present  weight  of  these  roofs  by  building 
single  brick  walls  at  given  distances,  to  carry  slates,  upon  which  the  composition  should  be  laid, 
instead  of  filling  the  spandrels  of  the  arches  with  solid  materials,  as  has  been  hitherto  the  custom. 

105.  A  square  of  100  feet  of  the  undermentioned  materials  used  in  roofing  weighs  as  follows : — 

Cwt.       qrfl.       Ibs. 

Sheet  copper,  16  ounces  per  square,  including  seams,  weighs  about         .  100 

Lead,  7  Ibs.  to  the  foot,  including  soldering  and  laps,  weighs       ...  7        0        0 

Fine  slate 6        0      21 

Coarse  slate 10        0        0 

Pantiles  and  mortar 920 

Plain  tiles  and  mortar 18        0        0 

106.  Floors.] — Floors  are  of  various  kinds.   Those  formed  of  brick  or  stone  are  termed  pavements;  some 
are  formed  of  earth,  and  are  consequently  called  earthen-flows ;  others  of  plaster,  and  are  thence  deno- 
minated plaster-floors ;  whilst  such  as  are  constructed  of  timber  and  boarding,  are  called  timber-floors. 

107.  Under  the  term  floor  is  included  not  only  the  boarding,  but  likewise  the  whole  of  the  timber- work 
necessary  to  its  support.    The  timbers  which  support  the  boarding  are  termed  the  naked  flooring.    Floors 
are  said  to  be  single,  or  double,  or  framed,  according  to  the  manner  in  which  they  are  constructed. 

108.  Single  floors  consist  of  a  series  of  timbers  of  equal  depth  termed  joists,  generally  laid  parallel 
to  each  other,  breadthways  of  the  apartment,  and  about  twelve  inches  asunder ;  the  ends  being  inserted 
into  and  supported  by  the  opposite  walls.     On  the  upper  edges  of  the  joists,  boards  are  fastened  which 
form  the  surface  of  the  floor.     This  description  of  floor  is  only  adapted  for  the  smaller  and  inferior 
apartments.     A  floor  of  this  kind  may,  however,  be  much  strengthened  by  nailing  a  series  of  small 
pieces  of  quartering,  termed  struts,  extending  in  a  line  from  one  end  of  the  floor  to  the  other,  in  an  angu- 
lar position  against  the  sides  of  the  several  joists,  so  as  to  cross  each  other  in  the  form  of  the  letter  X. 
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109.  Sometimes  every  third  or  fourth  joist  is  made  deeper  than  the  other,  and  the  ceiling  joists  are 
fixed  to  the  deep  joists  at  right  angles. 

110.  Double  floors  consist  of  three  tiers  of  joists,  viz.:  the  binding  joists,  the  bridging,  joists,  which 
are  laid  on  them,  and  the  ceiling  joists,  which  are  notched  and  fixed  to  the  under  side  of  the  binding- 
joists. 

111.  When  the  bearing  is  considerable,  and  it  is  required  that  the  ceilings  should  be  good,  framed 
floors  become  necessary.     In  this  case  the  binding-joists  are  framed  into  large  pieces  of  timber,  ex- 
tending transversely  across  the  building,  and  termed  girders.     The  distance  between  the  girders 
should  never  exceed  twelve  feet.     The  ends  of  the  girders,  which  are  inserted  into  the  opposite  walls 
from  nine  to  twelve  inches,  should  be  laid  on  pieces  of  stone  or  timber,  and  a  small  vacuity  should 
be  left  on  each  side  and  at  top  to  admit  of  a  circulation  of  air  around  the  timber,  as  it  is  otherwise 
liable  to  decay. 

112.  The  binding-joists  are  framed  into  the  girders,  at  distances  of  about  five  feet  apart.     Across 
them,  other  series  of  timbers,  termed  bridging  joists,  are  laid  at  distances  of  about  twelve  inches 
apart,  and  to  these  the  floor-boards  are  attached.     The  ceiling-joists  are  nailed  to  the  binding-joists 
as  in  other  floors. 

113.  When  the  span  of  the  floor  exceeds  twenty  feet  (if  required  to  sustain  considerable  weight  it 
is  somewhat  less)  the  girders  should  be  trussed.     The  excellence  of  every  truss  is  to  dispose  the 
timbers  in  positions  as  direct  to  each  other  as  possible.    Trusses  are  variously  constructed,  according 
to  the  width  of  the  building,  the  contour  of  the  roof,  and  the  circumstances  of  walling  below.     Ex- 
amples of  diiferent  species  of  trusses  are  given  in  this  volume  under  the  head  of  CARPENTRY. 

114.  Particular  attention  should  always  be  given  to  the  trussing  of  beams;  as  unless  it  is  done  with 
judgment,  and  in  an  effectual  manner,  it  is  rather  prejudicial  than  useful.    An  iron  tie  should  always 
be  introduced  as  an  abutment  for  the  truss  ;  because  the  failure  of  trusses  is  often  occasioned  by  the 
enormous  compression  applied  upon  a  small  surface  of  timber. 

115.  When  beams  are  trussed,  they  should  be  cambered  about  one  inch  in  a  length  of  fifteen  or 
sixteen  feet,  as  all  timber  has  a  tendency  to  sag. 

116.  In  determining  the  situation  of  the  principal  timbers  of  a  floor,  the  placing  of  girders  over 
openings  or  near  to  flues  should  always  be  avoided.     If  it  can  be  done  in  no  other  way,  the  girders 
should  be  laid  in  an  inclined  direction. 

117.  Floors  when  first  framed  should  be  about  three-quarters  of  an  inch  higher  in  the  middle  than 
at  the  sides  of  a  room.     The  ceiling-joists  likewise  should  be  fixed  about  three-quarters  of  an  inch  in 
twenty  feet,  higher  in  the  middle  than  at  the  sides  of  a  room ;  for  all  floors,  however  well-constructed, 
will  settle  in  some  degree. 

118.  It  may  be  here  observed,  that  in  laying  floors  the  boards  should  be  made  to  rise  a  little  under 
the  doorways,  in  order  that  the  doors  may  shut  close  without  dragging.    This  likewise  assists  in  caus- 
ing them  to  clear  the  carpet.     It  has  also  been  recommended  that  when  floors  are  laid,  the  joints  of 
the  boards  should  be  shot  and  fitted,  and  the  boards  tacked  down  only  the  first  year ;  the  nailing 
them  down  being  deferred  till  the  next.     By  this  means  they  will  lie  stanch,  close,  and  without 
shrinking  in  the  least,  as  if  they  were  all  of  one  piece. 

119.  Apertures.] — The  apertures  in  buildings  are  the  doors,  windows,  and  chimneys.    The  number, 
position,  and  dimensions  of  the  several  apertures  in  a  building  must  of  course  be  regulated  by  the 
uses  to  which  they  are  to  be  applied,— either  for  the  purposes  of  ingress  or  egress,  as  doors, — or  for 
the  admission  of  light  and  air,  as  windows.     They  should,  moreover,  be  justly  proportioned  to  the 
size  of  the  building. 

120.  The  doors  and  windows  should  always,  as  far  as  practicable,  be  placed  centrically,  both  as  to 
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arrangement  of  plan,  and  the  vertical  situation  in  the  walls,  particularly  the  latter.  This  principle 
is,  however,  in  modern  buildings  too  frequently  disregarded,  to  the  detriment  of  the  stability  as  well 
as  the  appearance  of  the  structure. 

121.  Doors.] — Doorways  are  either  external  or  internal,  and  vary  both  in  size  and  style  of  decora- 
tion, accordingly. 

122.  External  doorways  are  usually  much  larger  than  internal  ones,  and  should  be  proportioned  to 
the  size  and  intended  use  of  the  building.     Those  to  public  edifices  should  be  of  larger  dimensions 
than  those  to  private  dwellings. 

123.  Entrance  doors  to  private  houses  should  not  be  less  than  three  feet  six  inches,  nor  more  than 
four  feet  wide.    The  height  will  vary  according  to  circumstances,  but  should  never  be  less  than  seven 
feet,  so  that  a  man  may  easily  pass  through  them.     It  is  a  good  proportion,  in  small  doors,  to  have 
their  dimensions  in  the  ratio  of  three  to  seven  ;  and  in  large  doors,  of  one  to  two. 

124.  The  bottom  of  the  door-frame  is  termed  the  sill ;  the  vertical  sides,  the  jambs;  the  part  oppo- 
site the  sill,  the  head  or  soffite.   When  an  aperture  is  left  above  the  door  to  admit  light,  the  horizontal 
rail  between  the  head  of  the  door-frame  and  the  door  itself,  is  called  a  transom. 

125.  The  decorations  of  doorways  consist  usually  of  an  architrave  running  up  each  side  and  along 
the  top.   When  a  superior  degree  of  enrichment  is  required,  a  frieze  and  cornice  is  added,  the  ends  of 
which  are  occasionally  supported  by  carved  trusses  or  consoles.    Sometimes  the  doorway  is  decorated 
with  pilasters,  or  with  semi,  or  three-quarter  columns,  with  a  regular  entablature  ;  and  in  buildings 
of  superior  importance  the  entrance  is  adorned  with  a  portico  of  detached  columns,  the  door  itseli 
being  enriched  in  a  corresponding  degree. 

126.  As  respects  internal  doors,  it  is  to  be  observed,  that,  in  our  climate,  the  fewer  doors  a  room 
has  the  more  comfortable  it  will  be  ;  and  if  those  necessary  for  communication  between  the  different 
rooms  are  placed  opposite  to  each  other,  such  an  arrangement  not  only  contributes  towards  the  regu- 
larity of  the  decoration,  but  when  required  to  be  set  open,  produces  a  freer  circulation  of  the  air,  and 
likewise  adds  to  the  splendour  of  the  appearance  when  the  rooms  are  lighted  up. 

127.  When  more  than  one  door  is  placed  on  the  same  side  of  the  room,  care  should  be  taken  that 
they  are  equidistant  from  the  centre, — a  point  too  often  disregarded,  in  consequence  of  which  a 
needless  and  offensive  irregularity  is  produced.     Doors  should  be  hung  so  as  to  open  inwards  and 
towards  the  fire-place,  in  order  that  persons  sitting  round  the  fire  may  be  protected  as  much  as  pos- 
sible from  the  current  of  cold  air  admitted  by  the  opening  of  the  door.    A  door  should  never  be  placed 
close  by  the  side  of  a  fire-place.    In  bed-chambers,  care  should  be  taken  to  avoid  as  much  as  possible 
the  placing  of  doors  by  the  sides  of  the  bed,  both  on  account  of  the  draughts  of  air  from  them  and  the 
noise  communicated  through  them,  as  well  as  the  inconvenience  attending  the  opening  and  shutting 
them  in  such  situations. 

128.  Internal  doors  should  never  be  less  than  two  feet  nine  inches  wide  ;  nor  need  they  generally 
be  more  than  three  feet  three,  or  three  feet  six  inches.     Should  it,  however,  be  necessary  to  make 
them  of  a  greater  width,  they  should  be  made  to  open  in  two  flaps  or  leaves,  by  which  means  the  door 
will  not  only  be  lighter,  but  it  will  not  project  so  far  into  the  apartment,  and  may  in  many  cases  be 
made  to  fold  entirely  into  the  thickness  of  the  wall. 

129.  Doors  are  usually  made  either  of  deal  or  wainscot.     The  better  sort  are  often  made  of  ma- 
hogany, and  inlaid  with  different  kinds  of  rare  woods :  in  such  cases  they  are  most  commonly  veneered. 
The  door  itself  is  either  framed,  battened,  or  ledged. 

130.  Windows.] — Windows  are  of  various  forms,  being  sometimes  squares  or  parallelograms  ;  and 
having  sometimes  semi-circular,  semi-elliptical,  or  segment  heads,  in  other  cases  being  perfect  circles, 
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or  ellipses.     They  are,  however,  most  commonly  rectangular  ;  the  external  jambs  being  either  quite 
plain,  or  ornamented  with  stone  or  plaster  dressings. 

131.  The  vertical  sides  of  the  aperture  are  termed  thejamls ;  the  top,  the  soffite ;  and  the  bottom, 
the  sill.   When  the  soffite  of  the  aperture  is  curved,  the  points  where  the  curve  unites  with  the  vertical 
jambs  are  termed  the  springing  points.     When  the  section  of  the  soffite  is  less  than  a  semicircle,  the 
arch  is  usually  called  by  workmen  a  scheme-arch. 

132.  The  dressings  consist  of  the  sill,  and  the  insisting  architrave  surrounding  the  upper  part ;  some- 
times a  frieze  and  cornice  is  added.    The  breadth  of  the  architrave  varies,  according  to  circumstances, 
from  one-fifth  to  one-seventh  of  the  opening  ;  and  the  number  and  size  of  the  mouldings  forming  the 
cornice  likewise  vary  according  to  the  effect,  as  to  lightness  or  solidity,  that  is  required  to  be  given 
to  the  building.    Sometimes  the  frieze  is  altogether  suppressed,  and  the  lower  moulding  of  the  cornice 
rests  on  the  architrave.     In  edifices  of  importance  windows  are  usually  ornamented  in  the  same 
manner  as  doors. 

133.  Windows  should  be  arranged,  as  to  number  and  size,  so  as  to  admit  an  adequate  quantity  of 
light  and  air  to  the  apartment  in  which  they  are  placed.    The  facility  of  obtaining  this  must  depend 
on  the  situation  and  aspect  of  the  building ;  and  by  these  circumstances  therefore,  in  a  greater  or  lesser 
degree,  the  number  and  forms  of  the  windows  will  be  regulated.     In  this  climate  but  little  incon- 
venience is  experienced  from  a  predominance  of  sunshine  at  any  season  of  the  year,  or  in  any  situa- 
tion ;  it  is  desirable  therefore  on  all  occasions  to  admit  a  sufficiency  of  light  to  counteract  the  gloom 
which  more  commonly  prevails  in  wet  and  cloudy  weather,  as  recourse  can  always  be  had  to  blinds  or 
shutters  whenever  an  excess  of  light  and  heat  is  admitted  by  the  windows. 

134.  Great  changes  have  taken  place  at  different  periods  in  this  country  with  respect  to  the  num- 
ber and  arrangement  of  the  windows  in  our  dwellings.     Formerly  the  windows  were  very  numerous, 
the  piers  between  them  being  so  slender  as  even  to  appear  inadequate  to  support  themselves :  as  may 
still  be  seen  in  many  old  houses  in  different  parts  of  the  country.     Latterly  we  have  fallen  into  the 
opposite  extreme,  and  we  now  often  make  the  windows  too  small  and  not  sufficiently  numerous.    This 
has  perhaps  been  caused  partly  from  motives  of  economy,  since  a  tax  has  been  imposed  on  light  and 
air,  and  partly  by  a  desire  to  introduce  the  Italian  and  Grecian  taste  into  our  dwellings,  without  duo 
consideration  as  to  the  difference  of  climate. 

135.  It  is  scarcely  possible  to  give  a  general  rule  of  universal  application,  by  which  to  determine 
the  number  and  size  of  windows  necessary  for  different  apartments,  as  so  much  must  always  depend 
on  the  situation  of  the  building,  and  the  particular  use  to  which  the  room  is  to  be  applied.     Sir 
William  Chambers,  in  treating  on  this  part  of  the  art,  after  objecting  to  the  rules  given  by  Palladio 
and  others  with  respect  to  windows,  as  inapplicable  to  this  climate,  observes :  "  In  the  course  of  my 
own  practice  I  have  generally  added  the  depth  and  the  height  of  the  rooms  on  the  principal  floors  to- 
gether, and  taken  one-eighth  part  thereof  for  the  width  of  the  window,  a  rule  to  which  there  are  but 
few  objections."*    Even  this  rule,  however,  will  not  always  produce  a  satisfactory  result.    A  large  lofty 
apartment  requires  more  light  than  one  circumscribed  in  its  dimensions ;  and  the  quantity  admitted 
should  be  regulated  so  as  to  produce  in  the  minda  of  the  spectators  either  gay,  cheerful,  or  solemn 
sensations,  according  to  the  nature  and  purpose  for  which  the  structure  is  designed. 

136.  When  series  of  windows  occur  in  the  exterior  of  a  building,  the  sills  should  all  range;  and  the 
intermediate  spaces  or  piers  between  them  should  be  of  equal  width,  and  never,  when  it  is  possible 
to  avoid  it,  less  than  the  width  of  the  "window.    The  most  general  practice  limits  the  breadth  of  piers 

*   See  Sir  William  Chambers's  '  Treatise  on  the  Decorative  Part  of  Civil  Architecture,'  [page  134,  Fourth  Edition,] 
Taylor,  London,  1826. 
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to  the  same  as  that  of  the  aperture,  or  to  a  half  more.  When  any  fanciful  arrangement  is  attempted, 
both  the  apertures  and  piers  should  be  disposed  symmetrically  ;  and  the  extreme  piers  should  on  all 
occasions  be  made  wider  than  the  intermediate  ones,  and  should  correspond  with  each  other.  An 
odd  number  of  windows  in  the  same  front  is  preferable  to  an  even  number:  for  as  it  is  desirable  to 
have  the  entrance-door  in  the  middle  of  the  length,  an  even  number  regularly  disposed,  would  oc- 
casion a  pier  to  be  over  the  doorway,  which  is  by  no  means  graceful. 

137.  The  dimensions  of  windows  should  be  adapted  to  the  size  of  the  principal  apartments.    A  good 
proportion  for  a  rectangular  window  is  for  the  height  to  be  two  and  a  quarter  times  the  width,  which, 
in  ordinary  dwellings,  may  vary  from  three  and  a  half  to  four  feet.     In  large  buildings  the  width 
must  be  increased  according  to  circumstances.15 

138.  In  some  instances,  where  the  space  will  not  admit  of  the  introduction  of  two  windows,  and 
when  one  of  the  ordinary  size  is  not  sufficient,  what  is  termed  a  Venetian  window  is  employed.     This 
consists  of  a  window  divided  into  three  compartments  in  width,  the  centre-space  being  equal  to  tho 
width  of  an  ordinary  window,  and  the  spaces  on  each  side  being  considerably  less.     Occasionally  the 
centre  space  is  filled  by  a  sash-door. 

139.  French  casements,  as  they  are  termed,  are  likewise  sometimes  substituted  for  hanging-sashes ; 
and,  in  houses  in  the  country,  when  it  is  desirable  to  have  the  means  of  walking  out  of  an  apartment 
on  to  a  lawn  or  terrace,  they  are  doubtless  very  convenient,  but  they  always  render  a  room  very  cold 
from  the  difficulty  of  effectually  fastening  them  so  as  to  exclude  the  air  and  damp,  which  indeed  can 
only  be  accomplished  at  a  considerable  expense.     As  these  casements  are  often  applied  in  the  ordi- 
nary houses  about  London,  they  are  not  only  exceedingly  inconvenient  from  the  causes  already  noticed, 
but  their  effect  is  perfectly  ridiculous. 

140.  The  sashes  of  windows  in  ordinary  dwelling-houses  are  most  commonly  made  of  deal;  in  thoso' 
of  a  superior  description,  of  wainscot,  or  mahogany  ;  occasionally  the  bars  are  made  of  copper,  brass, 
or  iron.10     Sometimes  sash-frames  and  sashes  are  made  altogether  of  cast-iron,  particularly  those  for 
churches,  warehouses,  and  manufactories.    Some  years  since  a  composition  of  lead  and  tin  was  much 
in  use  for  sashes,  and  more  particularly  for  fan-lights  ;  but  from  the  increased  facility  of  manufac- 
turing iron  and  copper  into  sash-bar,  the  use  of  this  species  of  metal  has  decreased. 

141.  In  some  cases,  the  jambs  of  apertures  are  not  perpendicular  to  the  sills,  but  stand  at  equal 
angles  therewith,  so  as  to  approach  nearer  to  each  other  at  top  than  at  bottom.     Such  examples  are 
frequently  to  be  met  with  both  in  ancient  and  modern  works.   Vitruvius,  in  his  fourth  book,  has  laid 
down  rules  for  Doric,  Ionic,  and  Attic  doors,  all  of  which  have  their  apertures  narrower  at  the  top 
than  the  bottom. 

142.  Sometimes  the  jambs  of  apertures  are  formed  to  stand  obliquely  to  the  walls  in  which  they 
occur,  the  area  of  the  inner  surface  of  the  aperture  being  larger  than  the  outer :  they  are  in  such 
cases  said  to  be  splayed. 

143.  Chimneys.— The  subject  of  chimneys  is  one  of  great  importance  in  building.     A  chimney  con- 
sists of  an  aperture  in  the  wall  to  receive  a  grate  or  stove  ;  and  is  sometimes  named  a  fire-place.    From 
it  a  vacant  space,  named  a  vent,  shaft,  or  fine  is  carried,  within  the  thickness  of  the  wall,  to  the  level 
of  the  top  of  the  roof,  to  convey  away  the  smoke. 

13  The  dimensions  of  windows  are  restricted  by  act  of  parliament  to  twelve  feet  in  height,  and  four  feet  nine  inches 
in  width;  if  exceeding  these  dimensions  the  window,  if  not  belonging  to  a  shop,  warehouse,  or  licensed  public-house,  i» 
charged  as  two,  unless  it  is  not  more  than  three  feet  six  inches  high. 

i«  Of  late  years  the  use  of  wrought  iron  rolled  sash-bar  has  become  very  common,  not  only  for  greenhouses  and  con. 
scrvatorics.  but  for  skylights  and  sashes  generally. 
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144.  The  bottom  of  the  fire-place  should  be  laid  with  square  tiles,  stone,  marble,  or  an  iron  plate, 
in  order  to  receive  the  cinders  and  ashes  ;  this  is  termed  the  inner  hearth.  Upon  a  level  with  this, 
or  a  little  above  it,  and  immediately  before  the  fire-place,  a  space  equal  in  length  to  the  breadth 
of  the  chimney,  and  about  two  feet  in  breadth,  should  be  laid  with  the  same  sort  of  materials  as 
the  inner  hearth;  it  is  termed  the  slab,  and  is  laid  either  in  a  wooden  boxing,  containing  sand 
and  mortar,  or  upon  a  flat  brick  arch,  which  has  been  turned  between  the  wall  and  a  trimming-joist 
in  the  floor.  The  front  and  vertical  sides  of  the  chimney  apertures  are  termed  Jambs,  and  are 
composed  of  stone,  marble,  wood,  or  iron.  The  part  which  reaches  across  the  top  of  the  aperture 
is  called  the  mantel,  and  is  of  the  same  sort  of  materials  as  the  jambs.  As  in  thin  walls,  the  part 
which  the  chimney  occupies  is  projected  into  the  room,  in  this,  what  is  over  the  chimney,  is 
termed  the  breast.  Within  the  fire-place,  the  parts  which  reach  between  the  jambs  and  back,  are 
named  covings.  Where  the  space  is  contracted  from  the  size  of  the  fire-place  to  that  of  the  flue,  it 
is  called  the  gathering  wings,  or  throat.  The  portion  of  the  chimney  which  rises  above  the  roof,  is 
named  the  chimney  top.  Where  several  flues,  either  in  the  wall  or  at  the  top,  approach  very  near 
each  other,  the  partitions  between  them  are  named  withs ;  and  the  whole  is  termed  a  stack. 

145.  In  rooms  of  ordinary  dimensions,  the  £ues,  in  rough  stone  walls,  are  from  12  to  14  inches 
square ;  in  hewn  stone  or  brick  work,  about  10  by  14  inches  ;  but  the  section  must  be  enlarged  in 
rooms  of  large  dimensions,  kitchens,  &c.     As  soot  is  apt  to  gather  in  the  angles  of  square  flues,  the 
circular  form  is  preferable.     They  should  be  made  quite  smooth  within,  and  free  of  quick  bondings. 
It  is  of  advantage  to  have  the  flues  a  great  height ;  but  if  raised  much  above  the  level  of  the  roof,  it 
is  diflicult  to  render  them  ornamental. 

146.  As  much  of  the  comfort  of  an  apartment  depends  upon  its  being  free  of  smoke,  and  there  is 
much  economy  in  causing  the  heat  to  be  reflected  into  the  room,  instead  of  suffering  it  to  be  unnecessarily 
absorbed  by  the  materials,  or  dissipated  in  the  flue,  &c.,  great  attention  is  necessary  in  fitting  up  the 
fire-place.     For  economy,  stone  which  will  stand  the  fire  is  preferable  to  metal.     The  side-covings 
should  be  levelled,  or  wholly  circular  ;  and  the  opening  at  the  back  of  the  fire-place  into  the  throat 
should  not  exceed  four  inches  in  breadth  ;  frequently  one  inch  and  a  half  is  sufficient.     With  regis- 
ter-stoves this  can  be  regulated  to  great  advantage.     The  throat  part  should  fall  back  from  this  aper- 
ture, and,  in  general,  no  air  should  be  admitted  into  the  throat,  but  what  passes  over  the  fire  ;  it  is 
therefore  advisable  to  fit  up  the  fire-place  very  accurately,  and  place  the  front  of  the  grate  forward 
to  the  line  of  the  face  of  the  wall  of  the  apartment.     In  countries  where  stoves  are  used,  it  is  custom- 
ary to  place  them  altogether  before  the  face  of  the  wall.     This  admits  of  much  decoration,  and  also 
throws  the  greatest  part  of  the  heat  into  the  room. 

147.  Chimneys  have  always  been  considered  important  features,  but  the  style  of  decoration  has 
varied  greatly  in  different  ages.     In  the  Norman  castles,  they  were  frequently  large,  and  accom- 
panied by  rude  pillars,  sculptures,  and  ornamented  mouldings.     After  the  revival  of  Roman  architec- 
ture, the  whole  space  between  the  fire-place  and  the  ceilings,  called  the  chimney  brace,  was  covered 
with  architectural  decorations  of  great  labour  and  expense.     Wood  was  succeeded  by  stucco  work 
and  ornamented  pannels,  to  receive  paintings  ;    but  of  late  these  have  been  abandoned,  and  the 
chimney  has  been  reduced  into  the  smallest  possible  bounds,  making  it  for  elegance  to  depend  upon 
the  marble-dressings,  and  highly-polished  and  engraved  steel  register-stoves. 

148.  The  difficulty  of  constructing  open  fires,  as  is  our  custom,  so  as  to  secure  the  greatest  possi- 
ble effect  therefrom,  and  at  the  same  time  to  avoid,  under  all  circumstances,  annoyance  from  smoke, 
is  one  of  the  most  formidable  that  a  Builder  has  to  encounter.     Consideration  should  therefore  be 
given,  when  designing  a  building,  to  arrange  and  construct  the  chimneys  in  such  a  manner  as  to  pre- 
clude as  far  as  possible  the  danger  of  their  smoking. 
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149.  The  principal  causes  of  the  smoking  of  chimneys,  according  to  Dr.  Franklin,*  who  gave  great 
attention  to  and  published  a  treatise  on  the  subject,  are  the  following : — 

"  First.  Smoky  chimneys  in  a  new  house  are  such  frequently  for  mere  want  of  air.  The  workmanship  of  the  rooms 
being  good,  the  joints  of  the  boards  of  the  floors  and  the  pannels  of  the  wainscotting  are  all  true  and  tight,  the  sashes  and 
doors  shut  with  exactness,  added  to  which  perhaps  the  walls  not  being  thoroughly  dry,  cause  a  dampness  in  the  air  of  the 
rooms  which  keeps  the  woodwork  swelled  and  close. 

"  Secondly.  The  openings  of  the  chimneys  in  the  rooms  being  too  large;  they  being  often  regulated  rather  with  regard 
to  symmetry  and  beauty  than  to  utility. 

"  Thirdly.  The  chimney  being  constructed  with  too  short  a  funnel. 

"  The  fourth  cause,  is  their  overpowering  one  another ;  if,  for  instance,  there  be  two  chimneys  in  one  large  room,  and 
n  fire  is  made  in  each  of  them,  if  the  doors  and  windows  shut  close,  it  will  soon  be  found  that  the  greater  and  stronger 
fire  will  overpower  the  weaker  one,  and  draw  air  down  its  funnel  to  supply  its  own  demand.  If,  instead  of  two  chimneys 
being  in  one  room,  the  two  chimneys  are  in  different  rooms  which  communicate  by  a  door,  the  effect  is  the  same  when- 
ever the  door  is  opened. 

"  The  fifth  cause  is  when  the  tops  of  the  chimneys  are  commanded  by  higher  buildings,  or  by  a  hill,  so  that  the  wind 
blowing  over  such  eminences  falls  like  water  over  a  dam,  and  sometimes  almost  perpendicularly  on  the  tops  of  the  chim- 
neys that  lie  in  its  way,  and  beats  down  the  smoke  contained  in  them. 

"  The  sixth  cause  of  smoky  chimneys  is  the  reverse  of  the  last  mentioned,  namely,  where  the  top  of  the  chimney  is  so 
situated  as  to  be  below  the  roof  or  parapet  wall  of  a  building,  so  that  when  the  high  part  happens  to  be  exposed  to  the 
wind  it  forms  a  kind  of  dam  against  its  progress,  and  is  then  forced  down  the  funnel  of  the  chimney,  driving  the  smoke 
contained  therein  down  into  the  room. 

"  Seventhly.  Chimneys  often  smoke  in  consequence  of  the  improper  situation  of  a  door;  this  happens  more  particularly 
when  the  door  is  situated  by  the  side  of  the  fire-place,  and  is  hung  so  as  to  open  against  the  adjoining  wall,  which  often 
occurs,  as  being,  when  open,  more  out  of  the  way ;  consequently,  when  the  door  is  opened  in  part,  a  current  of  air  rushes 
in,  passes  along  the  wall  and  across  the  opening  of  the  fire-place,  and  drives  some  of  the  smoke  out  into  the  room ;  like- 
wise when  the  door  is  shutting  the  current  is  augmented,  and  a  similar  effect  is  produced. 

"Eighthly.  A  room  that  has  no  fire  in  its  chimney  is  sometimes  filled  with  smoke,  which  is  received  at  the  top  of  its 
funnel  and  descends  into  the  room ;  the  smoke  being  forced  down  by  the  pressure  of  the  descending  current,  occasioned 
by  the  difference  between  the  external  air  and  that  of  the  flue. 

"  Ninthly.  Chimneys  that  usually  draw  well  will  occasionally  give  smoke  into  the  room,  in  consequence  of  its  being 
driven  down  by  strong  winds  passing  over  the  tops  of  their  funnels;  this  is  more  particularly  the  case  where  the  funnels 
are  too  short." 

150.  Having  enumerated  these  several  causes,  the  Doctor  gives  at  considerable  length  the  remedies 
which  have  been  found  to  be  efficacious  in  removing  the  inconvenience,  and  for  which  the  reader  is 
referred  to  the  treatise  already  alluded  to. 

151.  A  new  invention,  as  respects  the  construction  of  flues,  has  been  brought  before  the  public, 
and  a  patent  obtained  by  Mr.  J.  W.  Hiort,  of  his  Majesty's  Office-works.     The  invention  consists 
in  building  circular  smoke-flues,  within  the  usual  thickness  of  walls,  and  incorporated  with  the 
common  brickwork.     Each  flue  is  surrounded  in  every  direction,  from  bottom  to  top,  by  cavities 
commencing  at  the  back  of  the  fire-place  and  connected  with  each  other.     The  air  confined  within 
these  cavities  is  by  the  heat  of  any  one  fire  rendered  sufficiently  warm  to  prevent  condensation  within 
all  the  flues  contained  in  the  same  stack  of  chimneys.     The  patentee  states  that  these  flues  are 
erected  without  difficulty,  and  can  be  adapted  with  equal  ease  to  every  possible  bend,  turn,  or  direc- 
tion, without  the  smallest  deviation  from  their  original  form  and  capacity.     The  circular  flue  com- 
mences at  the  throat  of  the  chimney,  below  the  usual  line  of  the  chimney  bar,  and  immediately  over 
the  fire,  and  the  half-circle  continues  thence  down  to  the  hearth,  forming  the  centre  of  the  back  of 
the  fire-place.     The  usual  filling  in  brickwork  by  this  means  becomes  unnecessary,  and  the  angles 
within  the  fire-place  may  be  altogether  avoided.    Thus  the  throat  of  the  chimney  is  made  to  contain 

*   See  a  Tract  entitled  '  Observations  on  Smoky  Chimneys,'  by  B.  Franklin,  LL.D.  London,  1"03. 
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no  more  air  tlian  can  be  heated  by  the  fuel  ordinarily  consumed,  nor  can  the  air  of  the  room  connect 
with  that  of  the  chimney  without  passing  through,  or  coming  in  contact  with,  the  fire  ;  and  should 
the  upper  part  of  the  flue  admit  of  a  counter  current  of  descending  colder  air,  it  must  at  a  certain 
point  become  rarified,  and  return  to  the  centre  spiral  column  of  ascending  smoke  and  heated  air. 

152.  In  building  these  flues,  no  other  material  is  used  than  the  patentee's  newly  invented  bricks, 
and  the  cement  by  which  they  are  united.    These  bricks  require  no  cutting,  being  made  on  systematic 
principles,  and  when  applied  to  the  purposes  intended,  the  joints,  both  horizontally  and  vertically,  are 
as  those  of  an  arch,  and  therefore  rendered  capable  of  resisting  great  external  pressure  ;  and  the  rim 
of  the  flue  being  in  two  thicknesses,  the  interior  is  essentially  protected  from  any  injury  to  which  the 
outside  facing  of  the  wall  may  be  liable,  by  plugs  driven  into  the  mortar-joints.     The  patentee  like- 
wise states,  that,  from  the  construction  of  these  chimneys,  and  the  nature  of  the  materials  of  which 
they  consist,  no  danger  need  be  apprehended  should  the  soot  ignite,  for  such  an  accumulation  of  soot 
as  the  common  chimneys  are  liable  to  cannot  take  place  within  these  tunnels,  there  being  no  angles 
in  which  the  soot  can  lodge,  the  draft  of  air  through  them  being  much  stronger,  and  the  necessity  of 
cleansing  rendered  less  frequent  by  the  inside  of  the  bricks  being  vitrified  to  prevent  adhesion. 

153.  These  chimneys  do  not  require  to  be  carried  up  to  a  great  height  above  the  roof  or  parapet, 
as  chimneys  constructed  according  to  the  common  method  usually  do.     The  tops  or  terminations  of 
the  newly  invented  chimneys  may  in  some  situations  be  entirely  concealed ;  if  not,  by  their  formation, 
and  their  not  being  required  to  be  lofty,  they  are  perfectly  secure  in  the  most  tempestuous  weather. 
Each  flue  terminates  with  a  small  brick  or  stone  shaft,  with  a  stone  cap  and  base,  so  contrived  as  to 
preserve  to  the  summit  a  continuation  of  the  hot  air  cavities,  and  so  as  to  render  unnecessary  any 
pot,  cowl,  or  other  contrivance  to  be  attached  thereto.     The  air  which  passes  over  the  chimney  is 
conducted  in  an  ascending  direction,  so  that  the  smoke  issues  out  unimpeded,  and  protected  under 
that  line  of  ascension.     The  wind  in  its  transit  upwards,  producing  a  quick  exhaustion  of  the  air 
within  the  chimney,  causes  the  smoke  to  be  emitted  with  a  velocity  in  proportion  to  the  force  of  the 
wind  from  whatever  quarter  it  may  blow. 

154.  These  flues  have  been  introduced  into  many  public  and  private  buildings,  and  the  result  has 
been  highly  satisfactory.     The  expense  it  is  said  is  not  on  the  whole  materially  greater  than  that  of 
ordinary  flues,  when  the  cost  of  the  requisite  shafts  for  them  and  the  constant  repairs  which  are  neces- 
sary thereto  is  taken  into  the  account. 
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1.  THE  attention  of  the  reader  having,  in  the  preceding  pages,  been  directed  to  such  General  Prin- 
ciples as  are  most  important  to  be  attended  to  in  the  designing  and  constructing  of  edifices,  a  few 
observations  relative  to  the  nature  and  qualities  of  the  different  kinds  of  materials,  and  likewise  as  to 
their  selection  for  use  in  a  building,  will  now  be  introduced,  with  some  valuable  additional  matter 
from  Mahan's  '  Elementary  Course  of  Civil  Engineering.'* 

2.  An  accurate  knowledge  of  the  physical  and  chemical  properties  of  materials  is  of  essential  im- 
portance to  the  Builder  or  Engineer,  to  enable  him  to  form  a  correct  estimate  of  the  advantages  to 
be  derived  from  their  proper  application  to  the  purposes  of  constructions,  so  as  to  satisfy  the  condi- 
tions of  judicious  economy  and  skilful  workmanship.     He  should  therefore  be  acquainted  with  their 
absolute  and  relative  strength, — the  resistance  which  they  offer  to  friction  and  shocks, — the  changes 
which  they  undergo  from  exposure  to  the  atmosphere,  and  to  the  more  ordinary  chemical  agents,  as 
fire,  salt-water,  &c. — and,  finally,  with  the  time  and  labour  required  in  preparing  them  for  the  pur- 
poses of  buildings. 

3.  The  strength  and  durability  of  buildings  depend  chiefly  upon  the  nature  of  the  materials  of 
which  they  are  constructed  ;  yet  so  little  regard  has  been  paid  to  the  selection  of  durable  materials 
for  architectural  buildings  in  this  country,  that  in  a  thousand  years  almost  every  specimen  of  British 
genius  which  now  adorns  this  Island,  will  be  mouldered  into  dust  I     The  Egyptians,  the  Greeks,  and 
the  Romans,  have  rendered  themselves  famous  by  the  magnitude  and  solidity  of  their  buildings ;  and 
so  judicious  have  they  been  in  the  choice  of  materials,  that  their  Temples,  their  Palaces,  their  Thea- 
tres, and  their  Aqueducts  are  still  the  objects  of  admiration,  though  two  thousand  years  have  elapsed 
since  some  of  them  were  erected.     With  such  examples  before  us,  and  with  the  aid  of  sciences  un- 
known to  the  ancients,  it  is  little  to  our  credit  that  we  have  not  buildings  more  worthy  of  the  age, 
and  better  capable  of  perpetuating  the  memorable  times  in  which  we  live.t 

4.  The  materials  used  in  building  may  be  arranged  in  four  classes:  1.  Natural  stones;  2.  Artificial 
stone  and  Cements  ;  3.   Wood ;  4.   The  Metals. 

I.— STONES. 

5.  The  difference  in  the  qualities  of  building-stones  is  chiefly  occasioned  by  a  difference  either  of 
chemical  composition  or  of  mechanical  structure.     Those  stones  are  considered  to  be  of  the  best 
quality  that  are  compact  and  of  an  uniform  texture, — capable  of  resisting  moisture,  and  the  effects  of 
frost  or  of  heat  without  splitting,  and  the  effects  of  the  weather  without  perceptible  decay.     Every 

*  Professor  Barlow's  edition.     Glasgow,  4to.     A.  Fullarton  &  Co.  f  See  Appendix  C. 
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one  must  be  sensible,  that,  in  order  to  form  an  opinion  respecting  the  qualities  of  stone  as  a  building- 
material,  we  ought  to  be  in  some  degree  acquainted  with  its  chemical  and  mechanical  properties ;  and 
when  the  properties  of  those  from  a  new  quarry  are  the  same  or  similar  to  those  that  are  known  to  be 
strong,  durable,  and  suited  for  building-purposes,  we  may  then  conclude  that  they  also  will  be  strong, 
durable,  and  fit  for  building.  A  knowledge  of  the  chemical  properties  only  of  stone,  however,  is  not 
sufficient ;  because  from  experience  we  find  that  the  structure  or  mechanical  arrangement  of  the  stone 
has  an  equal,  if  not  a  greater,  degree  of  influence  on  its  strength  and  durability. 

6.  Natural  stones  or  Bocks.] — Natural  stones,  or  rocks,  are  composed  of  an  aggregation  of  several 
simple  mineral  substances.     They  are  variously  classified  by  naturalists,  either  according  to  their 
chemical  constituents,  or  to  their  external  appearances  and  physical  properties.     These  classifications, 
although  essential  for  scientific  arrangement,  are  of  minor  importance  to  the  Builder  ;  as  the  princi- 
pal points  requiring  his  attention  are  those  which  render  stone  a  suitable  material  for  building. 

7.  The  most  essential  properties  of  stone  as  a  building-material,  are  strength,  or  the  resistance  which 
is  offered  by  it  to  rupture,  caused  either  by  compression,  extension,  or  a  cross  strain  ;  hardness,  or 
its  capability  of  resisting  shocks,  and  attrition  ;  and  durability,  or  its  unchangeable  character  when 
exposed  to  the  extremes  of  temperature,  to  the  atmosphere  and  to  chemical  agents.    These  properties 
can  be  readily  ascertained  by  a  few  simple  experiments  which  will  be  noticed  under  their  proper  heads. 

8.  Component  parts  of  Stones.] — Stones  are  compound  bodies.     They  are  chiefly  composed  of  what 
chemists  have  called  earths.     Of  these  earths  there  are  four  kinds  : n  some  of  which  are  always  found 
to  be  mixed  or  combined  in  different  proportions  in  different  stones.18     The  names  of  these  four  earths 
are,  1.  Silex ;  2.  Alumina;  3.  Lime;  and,  4.  Magnesia. 

9.  Silex,  or  the  earth  of  flints,  when  perfectly  pure,  appears  in  the  form  of  a  white  powder,  which 
is  incombustible,  infusible,  nearly  insoluble  in  water,  and  not  acted  upon  by  common  acids.     It  is 
found  in  almost  all  stones,  particularly  in  gravel,  sand,  quartz,  and  flint,  of  which  it  forms  nearly  the 
whole  substance.    'Almost  all  stones  which  strike  fire  with  steel  contain  silex.     Stones  which  contain 
a  large  portion  of  silex,  if  compact,  are  extremely  durable,  but  they  are  very  difficult  to  work.    Those 
stones  which  derive  their  peculiar  qualities  from  silex,  are  called  siliceous  stones.     See  article  26  of 
this  section. 

10.  Alumina,  or  pure  clay,  in  its  perfect  state,  is  white  like  silex  ;  it  adheres  strongly  to  the  tongue, 
is  incombustible,  insoluble  in  water,  but  soluble  in  acids  and  in  alkaline  lixivia.     It  enters  into  the 
composition  of  many  building-stones,  but  there  are  few  in  which  it  forms  the  principal  part ;  never- 
theless it  appears  to  be  the  cause  of  their  peculiar  qualities.     Alumina  has  a  considerable  attraction 
for  the  metallic  oxides,  and  the  other  earths.     Common  clay  is  a  mixture  of  alumina  and  silex,  but 
it  also  frequently  contains  metallic  oxides  and  other  earths.     Those  stones  which  derive  their  peculiar 
qualities  from  alumina  are  called  aluminous  stones  ;  but  as  they  generally  contain  a  mixture  of  silex 
also,  they  are  described  under  the  general  head  of  argillaceous  stones.    See  article  33  of  this  section. 

11.  Lime,  or  calcareous  earth,  is  the  substance  well-known,  in  its  pure  state,  under  the  name  of 
quicklime.     It  exists  in  stones,  in  combination  with  fixed  air  or  carbonic  acid,  when  it  is  called  car- 
bonate of  lime;  and  is  the  substance  which  constitutes  the  principal  part  of  chalk,  limestone,  and  mar- 
ble.   Those  stones  which  are  chiefly  composed  of  lime  are  called  calcareous  or  limestones.    See  article 
38  of  this  section. 

12.  Magnesia,  when  pure,  appears  in  a  lighter  and  whiter  powder  than  any  of  the  other  earths  ; 
it  is  soluble  in  acids,  but  not  in  alkaline  lixivia.     It  is  a  component  part  of  several  minerals.     The 

17  There  are  several  other  earths,  viz.  Barytes,  Strontian,  Zircon,  &c. ;  but  they  very  rarely  occur  in  building-stones. 

18  Any  of  these  earths  may  be  obtained  in  a  separate  state  by  the  methods  described  in  Henry's  '  Epitome  of  Chemistry; 
Park's  '  Chemical  Catechism ; '  Thomson's  '  System  of  Chemistry ; '  or  Brande's  '  Manual  of  Chemistry.' 
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stones  which  contain  a  considerable  portion  of  magnesia,  have  generally  a  smooth  and  greasy  feel,  a 
greenish  colour,  a  fibrous  texture,  and  a  silky  lustre. 

13.  Structure  and  Mechanical  Properties  of  Stones.] — Stones  are  either  simple  or  compound.    Lime- 
stone is  an  instance  of  the  first  kind,  it  being  uniformly  of  the  same  substance  throughout ;  but  a  com- 
pound stone  is  an  aggregation  of  parts  of  simple  minerals.     Compound  stones  are  either  cemented  or 
aggregated.     This  distinction  is  founded  on  the  mode  of  their  formation.     The  grains  or  masses,  in 
the  case  of  cemented  stones,  appear  to  have  been  formed  previous  to  their  being  cemented  together. 
The  strength  and  durability  of  these  stones  depend  on  the  nature  of  the  cementing  material.     When 
it  is  a  pure  siliceous  cement,  the  stones  are  always  very  durable  ;  but,  when  the  cementing  matter 
is  alumina  with  a  mixture  of  iron,  the  stones  are  very  subject  to  be  disintegrated.     In  calcareous 
sandstones,  where  the  cementing  material  is  of  a  soft  kind,  it  is  liable  to  be  washed  out  by  rain,  and 
the  stones  fall  in  pieces  or  moulder  away. 

14.  In  aggregated  stones,  the  present  structure  appears  to  have  been  the  original  one  ;  and  the  simple 
minerals  which  constitute  them  are  immediately  connected  together,  without  the  interposition  of  a 
cementing  material.     When  the  simple  minerals  which  constitute  an  aggregated  stone,  measure  nearly 
the  same  in  length,  breadth,  and  thickness,  the  structure  is  called  granular ;  as  in  granite.     When 
the  constituent  parts  are  thin,  and  lie  flat,  the  structure  is  said  to  be  slaty  or  beddy.      Sometimes 
stones  are  granular  slaty  ;  part  of  the  constituents  being  granular  and  the  other  part  slaty.     In  some 
aggregated  stones  one  of  the  constituent  parts  forms  a  basis  in  which  the  other  parts  are  imbedded, 
either  in  the  form  of  grains  or  crystals.     The  structure  is  then  said  to  be  porphyritic. 

15.  Stones  which  are  of  a  fine  and  uniform  grain,  compact  texture,  and  deep  colour,  are  the 
strongest ;  and  when  the  grain,  colour,  and  texture  are  the  same,  those  are  the  strongest  which  are 
the  heaviest ;  but  otherwise  the  strength  does  not  increase  with  the  specific  gravity.     There  are 
certain  defects  that  can  be  ascertained  by  the  eye,  which  should  cause  stone  to  be  rejected  as  a  building- 
material,  though  belonging  to  a  good  class :  these  are  cracks,  cavities,  and  foreign  minerals,  particu- 
larly the  various  forms  under  which  iron  is  found.     The  effect  of  these  is  to  render  the  stone  weak, 
brittle,  and  liable  to  disintegration,  from  the  decomposition  of  the  metallic  ores.     Great  hardness  is 
likewise  objectionable  when  the  stone  is  to  be  prepared  by  the  chisel,  owing  to  the  labour  required  to 
work  it ;  and  as  the  stones  of  this  character  generally  wear  smooth,  and  become  polished  by  attrition, 
they  are  unsuitable  for  stairs,  pavements,  &c.,  where  accidents  might  happen  from  slipping.    Brittle- 
ness  is  a  defect  which  frequently  accompanies  hardness,  particularly  in  coarse-grained  stones  ;  it  pre- 
vents the  stone  from  being  wrought  to  a  true  surface,  and  from  receiving  a  smooth  edge  at  the  angles. 
The  coarse-grained  stones  are,  moreover,  more  liable  to  rapid  disintegration  than  those  of  a  fine 
texture. 

16.  Experiments  on  an  extensive  scale  have  been  made  both  in  France  and  England,  to  ascertain 
the  comparative  and  absolute  strength  of  the  most  common  building-stones.*     Small  cubical  blocks, 
the  sides  of  which  measured  about  four  superficial  inches,  were  selected  for  the  experiments,  and  the 
following  general  results  were  obtained  : 

1st.  The  strongest  and  hardest  stones  were  found  to  be  those  having  a  dark  colour,  a  compact  uniform  texture,  and  the 
greatest  specific  gravity.  These  last  qualities  generally  accompanied  each  other;  and  the  strength  and  hardness  increased 
in  proportion  as  they  predominated,  without  however  exhibiting  any  uniform  law  of  variation. 

2d.  That,  for  the  same  stone,  the  strength  varied  nearly  in  the  proportion  of  the  area  of  the  base.  For  equal  bases,  the 
circle  gave  the  most  favourable  results  for  strength  ;  and,  after  it,  those  polygons  which  most  nearly  approximated  to  it. 

*  See  an  extensive  series  of  experiments  on  this  subject  in  •  The  Philosophical  Transactions'  for  1818,  Part  1.  Se« 
also  Appendices  D.  E.  and  F. 
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For  tbe  same  volumes,  those  were  strongest  in  \vbich  the  altitudes  were  equal  to  the  diameters  of  the  bases ;  and  the 
strength  decreased,  either  as  the  altitude  or  the  area  of  the  base  was  increased,  the  volume  remaining  the  same. 

3d.  In  the  blocks  submitted  to  a  compressive  force,  it  was  observed  that  a  slight  yielding  took  place  under  a  weight 
equal  to  about  one-half  of  that  which  was  necessary  to  crush  the  stone  ;  and  when  rupture  ensued,  those  of  a  crystalline 
texture  generally  split  into  needle-formed  fragments,  parallel  to  the  direction  of  the  force ;  whilst  the  amorphous  stones 
broke  into  small  pyramidal  fragments,  having  a  common  vertex  near  the  centre  of  the  block. 

4th.  From  a  comparison  of  the  weight  borne  by  the  stone  in  some  of  the  boldest  structures  in  Europe,  with  the  results 
of  these  experiments,  it  appears  that  it  would  not  be  safe  to  submit  any  stone  to  a  permanent  strain  which  would  be  greater 
than  one-tenth  of  the  weight  required  to  crush  a  small  block  of  it,  of  the  size  of  those  used  for  the  experiments. 

5th.  That  the  following  order  of  strength  and  hardness  was  observed  in  the  more  common  building-stones:  basalt, 
granite,  limestone,  and  sandstone. 

17.  The  terms  hard  and  soft,  as  applied  to  stones,  are  not  very  definite  ;  but  workmen  call  those 
stones  hard,  which  can  be  sawed  into  slabs  only  by  the  agency  of  the  grit-saw  ;  and  those  soft,  which 
can  be  separated  by  a  common-saw.     A  knowledge  of  these  qualities  is  essential  to  the  Builder,  to 
enable  him  to  fix  a  price  on  the  preparation  of  the  material,  and  also  to  select  such  as  are  most  suit 
able  to  resist  attrition  and  shocks. 

18.  Of  the  Causes  of  the  Decomposition  of  Building-stones.] — The  principal  causes  of  the  decay  of 
building-stones,  are,  the  dissolving  power  of  moisture  exerted  upon  their  alkaline  or  calcareous  matter ; 
the  expansion  of  water  in  the  pores  and  fissures  of  the  stones  ;  changes  of  temperature,  and  the  ac- 
tion of  the  external  air. 

19.  Stones  of  a  slaty  structure  are  very  subject  to  be  shivered  into  pieces  by  the  frost.    This  is  oc- 
casioned by  the  cracks  and  fissures  getting  filled  with  water  in  wet  weather,  and  when  this  is  followed 
by  frost,  the  expansion  of  the  water  in  freezing  splits  the  stones.     Indeed  the  force  of  the  confined 
fluid  is  so  great  that,  in  some  places,  large  blocks  of  stone  are  split  into  slates  by  the  expansion  of 
freezing  water.     The  stones  being  quarried  in  the  autumn,  are  frequently  placed  in  a  position  con- 
trary to  that  they  had  in  the  quarry;  the  rain  insinuates  itself  between  the  layers  of  which  the  stones 
are  composed,  and  the  water,  expanding  as  it  freezes  during  the  winter,  splits  the  stones  into  slates. 
For  this  reason,  stones  of  a  slaty  structure  should  always  be  laid  in  the  same  position  they  had  in  the 
quarry.     Stones  that  are  regularly  porous,  are  not  so  much  affected  by  the  frost,  because  the  water 
is  less  confined ;  but  almost  all  stones  that  have  stripes  or  veins  in  them,  and  are  of  an  equal  texture, 
are  more  or  less  subject  to  be  injured  by  the  frost.     The  veins  are  generally  softer  than  the  other 
parts  of  the  stone. 

20.  Stones  that  are  not  rapidly  decomposed  by  exposure  to  the  effects  of  the  weather,  soon  become 
covered  with  different  kinds  of  lichens,  and  afterwards  with  moss.     As  soon  as  the  surface  of  a  stone 
begins  to  be  softened,  the  seeds  of  lichens — which  are  constantly  floating  in  the  air — find  a  resting- 
place  upon  it,  and  it  becomes  covered  with  vegetation  ;  but  stones  which  decay  rapidly  change  their 
surfaces  so  often  that  the  seeds  have  not  time  to  take  root  upon  them.     Hence,  when  stones  become 
covered  with  lichens,  it  is  not  a  bad  criterion  of  their  durability.     But  even  lichens  tend  to  destroy 
stones — particularly  those  which  present  an  inclined  surface — and  prepare  for  mosses ;  and  these 
again  for  larger  plants,  which  slowly  decompose  the  surface  for  sustenance.     In  London  we  may  fre- 
quently observe  some  stones  nearly  black,  and  others  presenting  a  clear  white  surface.     The  black 
stones  are  those  which  are  more  compact  and  durable,  and  preserve  their  coating  of  smoke,  while  the 
white  stones  have  had  their  surfaces  decomposed,  and,  presenting  a  fresh  surface,  appear  as  if  they 
had  been  recently  scraped. 

21.  The  qualities  of  stone  from  quarries  which  have  been  long  wrought,  may  easily  be  known  by 
inspecting  old  buildings  that  have  been  erected  with  it.     But,  "  iu  order  to  form  a  judgment  of  the 
durability  of  any  building-stone,  which  lias  not  had  the  test  of  experience,  it  is  desirable  to  examine 
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it  in  its  native  bed,  particularly  those  parts  of  the  bed  which  have  been  long  exposed  to  the  air.  This 
may  not  unfrequently  be  done  in  some  parts  of  the  country  where  the  stone  is  quarried ;  for  as  each 
stratum  rises  in  a  certain  direction,  it  will  come  to  the  surface  some  where,  if  not  covered  by  soils. 
The  stone,  in  such  situations,  offers  certain  indications  of  the  effect  which  atmospheric  agency  pro- 
duces upon  it.  Where  this  examination  cannot  be  made,  all  stones  that  are  not  calcareous  may  in 
some  degree  be  proved  by  observing  what  effect  is  produced  by  immerging  them  in  water  for  a  given 
time, — by  exposing  them  to  a  red  heat  and  to  frost, — or  by  covering  them  with  dilute  nitric  acid  for 
several  days.  Those  stones  which  absorb  the  least  quantity  of  water,  and  which  are  least  changed 
by  the  action  of  heat,  frost,  or  acids,  may  be  fairly  considered  as  most  capable  of  resisting  the  decom- 
posing or  disintegrating  effects  of  moisture  and  change  of  temperature."*  A  method  of  ascertaining 
the  comparative  durability  of  marbles,  and  all  stones  purely  calcareous,  is  described  by  the  writer 
just  quoted,  which  is  nearly  as  follows.  Let  specimens  of  different  marbles  be  cut  into  cubes,  or  any 
other  regular  figures  of  a  given  magnitude,  and  immersed  in  dilute  muriatic  acid  of  the  same  degree 
of  strength  :  those  which  dissolve  most  slowly,  will  be  least  liable  to  decay.  Soft  stones,  says  Pal- 
ladio.t  and  such  as  we  are  not  well-acquainted  with  the  nature  of,  should  be  quarried  in  the  summer, 
and  exposed  to  the  effects  of  air  and  frost  two  years  before  they  are  used.  This  practice  would  be 
the  means  of  preventing  those  stones  from  being  used  for  external  walls  which,  after  such  a  trial,  ex- 
hibited symptoms  of  decay. 

22.  Strength  and  durability  are  the  most  essential  qualities  of  building-stones  for  the  purpose  of 
public  monuments,  bridges,  quays,  docks,  &c. ;  but  for  dwelling-houses,  comfort,  convenience,  and  eco- 
nomy are  of  still  greater  importance  than  extreme  durability.     Stones  which  attract  moisture,  and 
are  affected  by  every  variation  of  the  weather,  are  very  unfit  for  the  walls  of  dwelling-houses.    These 
are  chiefly  of  the  argillaceous  class,  such  as  basalt,  whinstone,  &c.    Walls  constructed  of  these  stones 
are  always  damp,  and  the  timber  which  comes  in  contact  with  them  is  generally  soon  affected  by  the 
dry  rot. 

23.  In  this  climate  it  is  also  desirable  that  the  walls  of  dwelling-houses  should  be  constructed  of 
materials  which  are  slow  or  imperfect  conductors  of  heat,  in  order  that  the  houses  may  be  warm  in 
winter,  and  cool  in  summer.     Stones  which  are  light,  dry,  and  porous,  are  generally  imperfect  con- 
ductors of  heat ;  those  that  are  compact,  and  of  a  glassy  or  vitreous  nature,  are  in  general  good  con- 
ductors j  and  where  it  is  necessary,  on  account  of  the  expense,  to  use  the  latter  kind,  the  walls  should 
be  lined  with  brick.19 

24.  In  the  choice  of  stone  for  ornamental  buildings,  the  colour  becomes  an  object  of  importance. 
It  ought  to  agree  with  the  colours  of  the  surrounding  objects.     A  glaring  white,  or  a  gloomy  dark 
coloured  stone,  is  equally  unfit  for  ornamental  purposes ;  yet  a  little  variety  of  colour  adds  much  to 
the  beauty  of  a  building. 

25.  As  the  stones  commonly  used  for  building  may  be  arranged  in  three  classes,  it  is  usual,  for 
greater  convenience,  to  adopt  this  classification,  viz.   1.  The  Siliceous  class,  or  the  one  of  which  silex 
is  the  base,  or  principal  constituent ;  2.  The  Argillaceous,  of  which  argile — which  is  a  mixture  of  silex 
and  alumine — is  the  base  ;  and,  3.  The  Calcareous,  of  which  lime  is  the  base. 

26.  Siliceous  stones.] — Granite,  gneiss,  and  sienite  are  commonly  known  to  Builders  by  the  general 
appellation  of  granite,  owing  to  the  great  resemblance  of  their  external  characters  and  of  their 
physical  properties.     Granite  and  gneiss  differ,  in  fact,  rather  in  the  aggregation  of  their  constituent 

•  Rees'  Cyclopedia,  Article  Stone.  •)•  Leoni's  Pallaillo,  book  I.  chap.  3. 

w  Count  Rumford  has  made  some  interesting  experiments  and  observations  on  the  conducting  powers  of  bodies  in  hi» 
Essays,  vol.  ii. 
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elements  than  in  any  other  es&eutial  particular.  In  the  former,  the  aggregation  of  the  particles  is 
mostly  homogeneous,  giving  the  stone  a  uniform  appearance,  and  the  property  of  splitting  readily  in 
all  directions  ;  whereas  in  gneiss,  the  particles  are  disposed  in  layers,  which  give  the  stone  a  laminated 
appearance,  and  cause  it  to  yield  to  the  chisel  and  wedge  more  readily  in  the  direction  of  the  layers 
than  in  any  other. 

27.  The  constituent  elements  of  these  stones  are  quartz,  feldspar,  and  mica.     These  elements  are 
easily  distinguishable  on  an  examination  of  a  sample  of  the  stone.    The  quartz  presents  a  transparent 
or  semi-transparent  appearance,  somewhat  approaching  to  that  of  glass  of  a  milky  hue  ;  the  feldspar 
is  usually  either  whitish  or  reddish,  presenting  more  of  an  opaque  appearance  than  the  quartz,  and 
where  the  surface  has  been  for  some  time  exposed  to  the  action  of  the  weather,  having  a  dull  white 
character ;  the  mica  is  found  in  scales  of  greater  or  less  size,  of  a  dark  colour  when  seen  in  the  mass, 
but  transparent,  and  resembling  the  small  scales  of  a  fish  when  detached  from  the  block.    When  uni- 
formly distributed  throughout  the  mass,  these  constituents  give  the  stone  a  uniform  colour,  generally 
some  shade  of  gray,  but  occasionally  of  a  slight  reddish  hue,  owing  mostly  to  the  colour  of  the  feldspar. 

28.  The  quality  of  the'stone  depends  on  the  aggregation  of  the  particles,  their  size,  and  the  pro- 
portion of  each  :  the  best  is  usually  that  in  which  the  particles  are  fine  and  unifofmly  disseminated 
throughout  the  mass.     If  the  quartz  predominates,  particularly  if  its  grains  are  large,  the  stone  will 
be  hard  and  brittle,  and  will,  in  consequence,  present  great  difficulties  to  being  wrought  and  dressed 

.  to  a  uniform  surface.  The  feldspar  decomposes  when  exposed  to  the  atmosphere  for  a  long  period  ; 
and,  if  in  excess,  will  be  injurious  to  the  quality.  The  mica  is  also  subject  to  decomposition  ;  and, 
when  in  excess,  gives  the  stone  a  character  of  weakness,  which  causes  it  to  bo  known  by  the  appella- 
tion of  tender  or  soft  granite.  Besides  their  peculiar  elements,  foreign  minerals  are  almost  always  to 
be  met  with  in  these  two  stones.  The  most  deleterious  are  schorl,  iron,  and  its  ores,  more  especially 
the  sulphurets.  The  iron  becoming  oxidized,  when  the  stone  is  exposed  to  the  air,  destroys  it  very 
rapidly,  particularly  if  in  large  quantities  ;  the  sulphurets,  by  decomposition,  yield  sulphuric  acid, 
which  soon  destroys  the  texture  of  the  stone  by  acting  on  the  mica  and  feldspar ;  and  schorl,  when  in 
abundance,  gives  the  stone  a  character  of  great  brittleness,  which,  in  some  cases,  renders  it  entirely 
unfit  for  a  building  material.  Sienite,  though  frequently  mistaken  for  granite,  is  composed  principally 
of  particles  of  hornblende,  and  feldspar.  The  general  appearance  of  the  mass  is  either  gray,  or  has  a 
reddish  tint ;  and  particles  of  the  hornblende  are  readily  distinguishable  by  their  greenish  tint  when 
the  stone  is  moistened.  Quartz  and  mica  are  likewise  generally  found  in  sienite,  and  give  it  moro 
the  appearance  of  granite.  The  structure  of  this  stone  usually  resembles  that  of  granite ;  but  it  is 
sometimes  found  in  layers. 

29.  Granite,  gneiss,  and  sienite,  for  strength,  hardness,  and  durability,  occupy  the  first  rank  as 
building-materials,  but  they  will  not  resist  very  high  temperatures  ;  although  gneiss,  when  the  mica 
in  it  is  very  abundant,  has  in  some  cases  been  used  with  success  as  a  facing  for  fire-places  and  fur- 
naces subjected  to  a  strong  heat.     Granite  and  sienite  are  the  most  suitable  for  the  purposes  of  cut 
or  dressed  stone,  particularly  in  cases  where  great  solidity  is  indispensable,  owing  to  the  large  blocks 
in  which  they  can  be  procured  from  the  quarry,  and  the  perfect  accuracy  with  which  the  surfaces  can 
be  wrought.20     Gneiss  seldom  splits  evenly,  and  is  therefore  more  suitable  for  rubble  and  hammered 

2()  The  granite  of  Aberdeenshire  is  of  fine  quality,  and  is  understood  to  be  almost  inexhaustible.  It  is  found  ot  a 
variety  of  shades,  and  of  course  presents  considerable  varieties  of  texture  and  component  parts.  It  is,  perhaps,  not 
generally  known  that  it  is  capable  of  taking  on  a  high  and  very  permanent  polish,  as  may  be  seen  in  two  beautiful  pillars 
wrought  of  the  red  Aberdeenshire  granite,  in  the  British  museum.  The  process  by  which  this  exceedingly  hard  and  dur- 
able material  is  wrought  into  a  variety  of  beautiful  forms,  and  made  to  receive  a  high  and  perfect  polish,  is  the  invention 
of  Mr.  Alexander  Macdonald  of  Aberdeen The  ancient  Egyptians  appear  to  have  attained  great  dexterity  in  the  working 
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stone.  It  is  also  an  excellent  material  for  flagging-stone  ;  and  all  three  of  these  stones  are  in  very 
common  use  for  structures  requiring  great  solidity  and  permanency  ;  as  for  revetment-walls  of  forti- 
fications,* quay-walls,  sea-walls,  light-houses,  &c. 

30.  There  are  two  principal  varieties  of  sandstone,  the  red  and  the  gray,  which  is  generally  known  to 
builders  under  the  name  of  free-stone.     It  is  composed  of  small  particles  of  quartz,  united  by  an 
argillaceous  or  calcareous  cement.     Both  varieties  are  very  extensively  used  in  building.     They  are 
generally  strong  and  durable  ;  and,  though  they  yield  readily  to  the  chisel  and  other  tools,  are  suffi- 
ciently hard  to  resist  the  wear  and  tear  to  which  any  part  of  an  edifice  is  ordinarily  exposed.     Sand- 
stone is  frequently  so  porous  as  to  absorb  a  largo  quantity  of  moisture,  which,  when  acted  upon  by 
the  frost,  causes  the  surface  of  the  stone  to  disintegrate,  or  to  split  off  in  scales.     The  gray  sand- 
stone is  more  liable  to  this  defect  than  the  red,  and  requires  a  thin  coating  of  mortar,  paint,  or  a 
white-wash  of  hydraulic  lime,  to  protect  it  from  the  action  of  the  atmosphere.     But  both  varieties 
are  used  in  the  construction  of  public  works  :  in  some  cases  as  the  principal  material,  but  mostly  for 
the  cut  stone  of  the  angles, — for  the  coping, — for  the  water-tables,  &c.     Its  inferiority  to  granite,  and 
its  liability  to  disintegrate,  render  it  more  suitable  to  ordinary  structures. "   It  should,  moreover,  only 
be  used  as  ashlar,  or  cut  stone  ;   because  it  adheres  very  badly  to  mortar,  and  is,  therefore,  not 
suitable  for  rubble  work,  the  principal  strength  of  which  depends  on  the  adhesion  between  the  stones 
and  mortar. 

31.  The  principal    supply  of  sandstone  for  architectural  and  engineering  purposes  iu  England, 
is  derived  from  the  quarries  of  Bromleyfall  near  Leeds,  in  Yorkshire, — Whitby  in  the  same  county, 
— Portland  in  Dorsetshire,  and  Purbeck, — and  from  Dundee  and  Craigleith  in  Scotland.     The  most 
extensive  freestone  quarry  in  Scotland,  is  that  of  Craigleith,  out  of  which  nearly  the  whole  New 
Town  of  Edinburgh  has  been  built.     There  are  also  valuable  quarries  at  Humbie  and  at  Hailes 
in  Edinburghsliire  ;  at  Pencaitland  in  East  Lothian  ;  at  Binuie  in  Linlithgowshire  ;  at  Cullelo  in  Fife  ; 
and  at  Garscube,  Woodside,  and  Balgray  in  Lanarkshire. 

32.  All  the  stones  belonging  to  the  siliceous  class — of  which  there  is  a  great  variety — are  emi- 

of  this  obdurate  material ;  and  it  is  still  extensively  employed  in  the  East.  In  cutting  the  hardest  granite,  the  Hindoo 
workmen  employ  only  a  small  steel  chisel,  and  an  iron  mallet.  The  chisel  is  short,  and  Dr.  Kennedy  thinks  it  probable 
that  it  is  formed  of  the  hard  steel  known  as  Berar  wootz.  It  tapers  to  a  round  point  like  that  of  a  drawing  pencil.  The 
mallet,  weighing  a  few  pounds,  is  somewhat  longer  than  the  chisel.  The  head,  set  on  at  right  angles  to  the  handle,  may 
be  from  two  to  three  inches  long.  It  has  only  one  striking  face,  formed  into  a  pretty  deep  hollow,  which  is  lined  with 
lead  to  deaden  the  blow.  With  two  such  simple  tools  to  have  detached  the  most  massy  granite  column  from  its  native 
bed,  to  have  formed,  fashioned,  and  scarped  the  granite  rock  which  forms  the  tremendous  fortress  of  Dowlatabad,  and  to 
have  excavated  the  wonderful  caverns  at  Ellora,  are  instances  of  the  incredible  patience  of  the  Hindoo,  and  of  the  simple 
and  apparently  inadequate  means  by  which  he  accomplishes  the  most  difficult  undertaking.  It  seems  probable  that  the 
Hindoo  stone-cutters  never  worked  with  any  other  tools.  When  the  stone  is  brought  to  a  smooth  surface,  it  next  under- 
goes the  dressing  with  water,  in  the  manner  usual  with  masons.  The  fine  black  shining  polish  is  given  in  the  following 
manner: — A  block  of  granite  of  considerable  size  is  rudely  fashioned  into  the  shape  of  the  end  of  a  large  pestle.  The 
lower  face  of  this  is  hollowed  out  into  a  cavity,  and  this  is  filled  with  a  mass  composed  of  pounded  corundum  stone, 
mixed  with  melted  lac.  This  block  is  moved  by  means  of  two  sticks,  and  pieces  of  bamboo,  placed  one  on  each  side  of 
its  neck,  and  bound  together  by  cords  twisted  and  tightened  by  sticks.  The  weight  of  the  whole  is  as  much  as  two 
workmen  can  easily  manage.  They  seat  themselves  on,  or  close  to  the  stone  they  are  to  polish,  and  by  moving  the  block 
backwards  and  forwards  between  them,  the  polish  is  given  by  the  friction  of  the  mass  of  wax  and  corundum.  Granite 
finished  in  this  way  is  the  most  common  material  of  which  the  tombstones  of  princes  and  great  men  in  India  are  con- 
structed. As  a  beautiful  glossy  black,  it  is  scarcely  inferior  to  the  finest  black  marble.  A  granite  gateway,  supposed  to 
be  five  hundred  years  old,  in  the  ancient  city  of  Warankal,  has  lost  nothing  of  its  original  lustre. 

*  A  revetment  consists  of  a  facing  of  stone,  wood,  sods,  or  any  other  material,  to  sustain  Hn  embankment,  when  it 
receives  a  slope  steeper  than  the  natural  slope. 
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nently  suitable  for  the  purposes  of  buildiug,  either  as  cut  stone  or  rubble.  Among  those  less  in  use 
are  the  buhr  or  millstone,  which,  from  its  great  hardness,  durability,  and  porosity,  forms  an  excellent 
rubble  stone, — the  soap-stone,  which  is  principally  used  as  a  fire-stone  for  the  facing  of  fire-places  and 
furnaces, — and  mica-slate,  which  is  also  a  good  fire-stone,  and  forms  a  good  material  both  for  rubble 
work  and  for  flagging. 

33.  Argillaceous  stones.] — Nearly  all  the  stones  known  to  builders  as  slate-stone  belong  to  this  class. 
The  most  remarkable  varieties  are   those  denominated  trap  rocks  by  mineralogists,  which  consist 
either  of  basalt,  or  green  stone.     Basalt  is  very  remarkable  for  its  great  strength  and  hardness  ;  though 
it  is  less  durable  than  many  varieties  of  the  siliceous  class. 

34.  Green  stone,  so  called  from  the  greenish  tint  it  exhibits  when  wet,  is  found  very  abundantly 
in  Britain.    It  is  a  good  building-material,  when  it  does  not  contain  any  large  quantity  of  iron  ;  for  this 
metal,  by  becoming  oxidized,  very  soon  entirely  destroys  the  texture  of  the  stone,  causing  it  to  break  up 
into  small  fragments  or  scales.     It  is  only  suitable  for  rubble  work,  owing  to  its  being  found  chiefly 
in  small  tabular  prismatic  masses  ;  but  from  the  facility  with  which  it  is  quarried,  and  its  unchange- 
ableness  in  salt-water,  it  has  been  sometimes  used  for  break-water  stone. 

35.  Gray  wacke,  and  gray  wacke  slate,  properly  belong  to  the  sandstones.     They  are  composed  of 
the  fragments  of  several  other  minerals,  in  a  granular  state,  united  by  an  argillaceous  cement.    Both 
of  these  stones  make  a  good  building-material  for  rubble  work  ;  and  the  gray  wacke  slate  is  in  very 
common  use  as  a  flagging  and  coping-stone. 

36.  Common  roof  slate  requires  no  particular  description.     There  are  many  varieties  of  this  stone 
which  are  very  suitable  for  rubble  work.     The  best  for  roof-covering  is  that  which  splits  into  thin 
even  layers, — which  absorbs  but  little  moisture, — and  which  is  free  from  the  ores  of  iron,  particularly 
the  sulphurets,  which  are  more  deleterious  to  it.     Slate,  to  be  of  a  quality  for  roofing,  should  have 
the  property  of  splitting  into  thin  laminae,  and  should  resist  the  absorption  of  water,  and  the  natu- 
ral process  of  decomposition  by  air  and  moisture  ;  this  depends  much  on  its  chemical  composition 
and  compactness,  and  its  resisting  the  process  of  vegetation.     The  species  of  slate  most  liable  to 
decay  will  be  the  sooner  covered  with  lichens  and  mosses.     The  strength  of  slate  is  very  great  in  com- 
parison with  any  kind  of  freestone.     It  has  been  ascertained  that  a  slate  one  inch  in  thickness  will 
support  in  a  horizontal  position,  as  much  weight  as  a  piece  of  Portland  stone,  of  equal  superficies,  five 
inches  in  thickness.     As  the  hardness  of  slate  arises  principally  from  the  silex  it  contains,  which  is 
of  all  earths  the  least  favourable  to  vegetation,  those  slates  which  are  the  hardest  when  first  taken 
from  the  quarry,  and  which  have  the  least  specific  gravity,  are  to  be  preferred  ;  for  the  increase  of 
weight  in  slate  is  owing  to  the  presence  of  iron,  either  in  pyrites,  or  a  state  of  oxide  ;  the  pyrites 
being  decomposed  by  moisture,  and  the  iron  admitting  a  still  higher  degree  of  oxygenation,  the  sur- 
face of  the  stone  peels  off,  or  falls  into  an  ochrey  powder.     In  order  to  judge  correctly  as  to  the 
quality  of  the  slate,  it  must  be  struck.     If  it  yield  a  sonorous,  bell-like  sound,  it  is  a  sign  of  its  good- 
ness.    Some  judgment  may  likewise  be  formed  from  its  colour  ;  the  dark  blue  sort  being  more  liable 
to  imbibe  and  retain  moisture  than  that  which  is  of  a  light  blue  colour:  the  touch  likewise  affords 
some  criterion  as  to  the  quality  of  the  slate  ;  a  good  firm  slate  feels  hard  and  rough,  whereas  an  open, 
porous  one  feels  smooth  and  greasy.     Another  mode  of  trying  slate  is  recommended  by  some,  viz. 
first  to  weigh  two  or  three  slates  the  quality  of  which  is  the  most  suspected,  and  note  the  weight ; 
then  immerse  them  in  water  for  twelve  hours ;  take  them  out  and  wipe  them  as  dry  as  possible  with 
a  linen  cloth,  and  if  they  weigh  more  than  they  did  previously  to  immersion,  by  more  than  one  dram 
in  twelve  pounds,  it  denotes  a  species  of  slate  that  has  a  tendency  to  imbibe  water,  and  is  consequently 
objectionable. 

37.  Quarries  of  slate  and  slate-stones  are  abundantly  distributed  in  various  districts  in  England ; 
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but  the  best  and  principal  supply  of  roofing-slate  is  obtained  from  Caernarvonshire  in  Wales.  The 
quarries  of  Green-moor  in  Yorkshire  supply  excellent  paving-flags, — as  do  also  those  of  Valentia  in 
Ireland,  some  of  which  are  remarkably  fine  and  durable.  The  principal  slate-quarries  in  Scotland 
occur  at  Eisdale  and  at  Ballahulish  in  Argyleshire,  at  both  which  places  a  dark  blue  slate  is  wrought, 
of  a  very  hard  quality  ;  at  Huntly  in  Aberdeenshire,  where  a  blue  and  green  slate  is  wrought ;  at 
Aberfoyle  in  Perthshire,  where  a  harder  blue  and  green  slate  occurs  ;  at  Foudland  in  Aberdeenshire, 
where  the  slate  is  of  a  light  blue  colour,  and  moderately  hard  ;  and  at  Luss  in  Dumbartonshire,  and 
in  the  isle  of  Bute,  where  a  pale  blue  slate  is  quarried. 

38.  Calcareous  stones.] — This  very  abundant  class,  composed  of  innumerable  varieties,  is  the  most 
useful  building-material  known  to  the  Builder  and  Architect,  both  for  common  and  ornamental  pur- 
poses :  arising  from  the  strength,  hardness,  durability,  and  beauty  both  of  colour  and  polish,  which 
it  is  known  to  possess.     It  also  furnishes  the  principal  ingredient  in  the  composition  of  every  variety 
of  cement  used  for  uniting  stones  artificially. 

39.  Calcareous  stones — distinguished  by  the  more  common  appellation  of  limestone  and  marble — 
are  composed  principally  of  carbonate  of  lime,  combined  with  the  metallic  oxides,  and  several  other 
foreign  minerals.     They  seldom  occur  in  a  pure  state.     When  found  so,  the  colour  of  the  stone  is  a 
pure  white,  and  it  is  shown  by  analysis,  to  be  composed  of  lime,  carbonic  acid,  and  a  small  quan- 
tity of  water.     The  general  properties  of  this  class  of  stone,  both  physical  and  chemical,  are  so  well 
known  as  hardly  to  require  any  description.     Its  effervescence  with  acids,  and  the  effects  of  heat 
on  it,  both  of  which  disengage  the  carbonic  acid,  are  facts  with  which  almost  every  person  must  be 
acquainted. 

40.  Mineralogists  distinguish  two  general  divisions  of  this  class  :  1.  Granular  limestone  ;  2.  Com- 
pact limestone.     The  granular  presents  the  distinct  appearance  of  an  aggregation  of  grains  of  vari- 
able size,  from  very  fine  to  coarse,  apparently  the  result  of  an  irregular  crystallization.     The  compact 
has  a  fine  uniform  texture,  without  any  appearance  of  grains,  some  of  the  varieties  being  quite  loose 
and  earthy  in  their  texture. 

41.  As  a  building-material,  the  calcareous  stones  are  classed  in  two  divisions:   1.  The  common  lime- 
stone ;  2.  The  marbles.    Each  of  these  divisions  furnishes  an  equally  good  stone  for  building  ;  but  the 
marbles  are  mostly  reserved  for  ornamental  purposes,  owing  to  the  fine  polish  which  the  stones  from 
which  they  are  procured  are  susceptible  of  receiving.     The  term  marble  is  frequently  applied  by 
Builders  to  all  stones  which  receive  a  high  polish  ;  and  it  is  the  proper  signification  of  the  term  ;  but 
it  is  now  usually  applied  only  to  those  varieties  of  limestone  which  are  polished.     The  compact  lime- 
stone furnishes  a  great  variety  of  variegated  marbles ;  but  generally  they  are  not  so  highly  estimated 
as  those  furnished  by  the  granular,  owing  to  their  inferiority  in  hardness  and  polish. 

42.  The  colours  of  variegated  marble  are  owing  to  the  metallic  oxides;  and  the  names  of  the  differ- 
ent varieties  are  taken  from  some  peculiarity  either  in  the  appearance  or  colour  of  the  stone.     Some 
of  the  best  known  are  :  the  veined ;  the  bird's-eye ;  the  conglomerate,  of  which  there  are  two  kinds  ; 
the  breccia,  composed  of  broken  angular  fragments  united  by  a  natural  calcareous  cement ;  and  the 
pudding-stone,  composed  of  round  pebbles  similarly  united  ;  the  lumachella,  which  exhibits  a  variety 
of  shells  united  by  a  calcareous  cement ;  the  Florence-stone,  or  ruin-marble,  so  called  from  some  fancied 
resemblance  to  ruins  exhibited  by  the  figures  on  the  polished  surface ;  the  verd  antique,  which  is  of  a 
green  colour,  and  is  named  after  a  stone  much  esteemed  by  the  ancients,  &c.  &c. 

43.  Limestone  is  found  in  a  great  many  parts  of  England  ;  but  the  best  kind  for  building-purposes 
is  derived  from  Devonshire,  near  Mary-church.     The  Isle  of  Anglesea  also  produces  good  building 
marble,  as  do  many  parts  of  Ireland,  and  several  parts  of  Scotland ;  though  no  part  of  the  United 
Kingdom  is  known  to  produce  marble  fit  for  statuary  purposes.     The  price  of  Italian  marble  is  from 
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40s.  to  60s.  per  cubit  foot ;  of  Irish,  from  10s.  to  12s.    The  best  English  lime  for  mortar  is  obtained 
from  the  neighbourhood  of  Dorking  and  Marstram  in  Kent. 

44.  Plaster  of  Paris,  or  gypsum,  is  a  sulphate  of  lime  ;  its  principal  use  is  for  stucco-work  in  the 
interior  of  edifices  ;  for  which  purpose  it  is  prepared  by  calcination  over  a  strong  fire.     It  is  too  soft 
for  a  building-stone  ;  and  although  forming,  when  properly  prepared,  a  cement  which  hardens  very 
rapidly,  it  is  not  suitable  for  the  purposes  of  mortar,  because,  having  a  strong  affinity  for  water,  it 
absorbs  it  from  the  atmosphere,  and  increases  so  much  in  volume  as  to  occasion  cracks  in  walls  built 
with  it ;  and,  in  exposed  situations,  it  very  soon  commences  to  exfoliate. 

II.— ARTIFICIAL  STONES,  AND  CEMENTS. 

45.  Artificial  stones,  and  Cements.] — The  term  artificial  stone  is  applied  to  any  composition  to  which, 
by  an  artificial  process,  the  general  properties  of  natural  stone  are  imparted  ;  such,  for  example,  are 
mortar  and  brick,  both  of  which,  when  properly  prepared,  possess  in  an  eminent  degree  the  qualities 
of  good  stone.     The  term  cement  is  applied  to  certain  mineral  substances,  found  either  in  a  natural 
state,  or  prepared  artificially,  which,  being  mixed  with  common  lime,  impart  to  it  the  property  of 
hardening  under  water. 

46.  The  ingredients  which  usually  enter  into  the  composition  of  mortar  are  slaked  lime,  and  sand ; 
to  which  sufficient  water  is  added  to  bring  the  mixture  to  a  proper  consistence  or  temper  before  using 
it  for  the  purposes  to  which  it  is  to  be  applied.     When  the  mortar  is  to  be  used  for  hydraulic  works, 
a  certain  proportion  of  cement  is  to  be  added  to  the  other  ingredients. 

47.  Lime.  When  limestone  is  submitted  to  a  high  temperature  for  some  length  of  time,  the  water, 
and  nearly  all  the  carbonic  acid,  which  enter  into  its  composition,  are  driven  off,  and  the  result  ob- 
tained is  known  by  the  name  of  quick  lime.     The  stone  in  this  new  state  shows  a  strong  avidity  for 
water,  which  it  absorbs  even  from  the  atmosphere  ;  and  when  water  is  poured  over  the  stone  it  swells 
and  cracks,  evolving  a  very  considerable  degree  of  heat,  and  finally,  falls  into  a  fine  white  powder,  in 
which  state  it  is  denominated  slaked  lime,  and  belongs  to  that  class  of  chemical  substances  denominated 
hydrates.     If  the  limestone  is  a  perfectly  pure  carbonate,  it  will  absorb  about  three-and-a-half  times 
its  bulk  in  the  process  of  slaking,  and  the  hydrate  will  be  found  increased  in  the  same  proportion. 

48.  As  a  building-material,  lime  is  divided  by  engineers  into  two  classes:   1.   Common  lime;  2. 
Hydraulic,  or  Water  lime.    Common  lime  is  also  sometimes  termed  fat  lime,  from  the  appearance  and 
feeling  of  the  paste  made  from  it  with  water ;  whilst  hydraulic  lime,  with  the  same  quantity  of  water, 
yielding  a  thin  paste,  is  denominated  meagre  lime.     This,  difference  of  appearance  in  the  paste  of  tho 
two,  it  must  however  be  observed,  does  not  serve  in  all  cases  to  distinguish  the  two  classes ;  for  some 
varieties  are  very  meagre,  without  possessing  the  slightest  hydraulic  properties.     The  distinction 
between  the  two  classes  consists  in  the  uses  to  which  they  are  applicable.     The  mortar  of  common 
lime  will  never  harden  under  water,  or  in  very  moist  places,  as  in  the  foundations  of  edifices,  or  in  the 
interior  of  very  thick  walls  ;  and  therefore  is  only  suitable  for  dry  positions  and  thin  walls  ;  whereas 
hydraulic  lime  yields  a  mortar  which  sets  readily,  and  soon  becomes  nearly  as  hard  as  stone  in  all 
moist  situations. 

49.  Very  few  limestones  or  chalks  consist  entirely  of  carbonate  of  lime.     If  they  did,  they  would 
be  uniformly  the  same  in  their  nature,  properties,  and  effects  ;  and  as  the  different  qualities  of  lime- 
stones for  cements  depend  on  the  nature  of  the  substances  which  are  mixed  with  the  carbonate  of 
lime,  it  is  desirable  that  we  should  be  able  to  ascertain  when  those  substances  are  present  that  im- 
prove the  quality  of  the  lime.     When  a  limestone  does  not  copiously  effervesce  in  acids,  and  is  suf- 
ficiently hard  to  scratch  glass,  it  contains  silex,  and  probably  clay.     When  it  is  deep  brown,  or  red, 
or  strongly  coloured  of  any  of  the  shades  of  brown  or  yellow,  it  contains  oxide  of  iron,  and  burns  into 
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a  buff-coloured  lime.  When  a  limestone  is  not  sufficiently  hard  to  scratch  glass,  but  effervesces  slowly, 
and  makes  the  acid  in  which  it  effervesces  milky,  it  contains  magnesia.  Magnesian  limestones  are 
usually  of  a  brown  or  pale  yellow  colour.  They  are  found  in  Somersetshire,  Leicestershire,  Derbyshire, 
Shropshire,  Durham,  Yorkshire,  and  Nottinghamshire. 

50.  To  ascertain  the  properties  of  a  limestone,  direct  experiment  should  always  be  resorted  to ;  for 
the  external  appearance  of  the  stone  does  not  present  any  indications  which  can  be  relied  on  with 
certainty.     The  simplest  method  consists  in  calcining  a  small  portion  of  the  stone  to  be  tried  over  a 
common  fire  on  a  plate  of  iron,  slaking  it  and  kneading  it  into  a  thick  paste  ;  this  paste  being  placed 
at  the  bottom  of  a  glass-vessel,  and  carefully  covered  with  water,  will,  in  a  short  time,  give  evidence 
of  the  quality  of  the  stone.     If,  after  several  days,  it  is  found  not  to  have  set,  the  stone  may  be 
pronounced  as  affording  common  lime  ;  but  if  it  has  become  firmer,  or  hard,  it  may  be  safely  classed 
among  the  hydraulic  varieties,  and  its  excellence  will  be  shown  by  the  quickness  with  which  it  hardens. 

51.  It  is  not  a  difficult  matter  to  analyze  limestone  with  sufficient  accuracy  for  all  the  purposes  of 
the  Builder  or  Architect.     A  few  directions  for  ascertaining  the  constituent  parts  of  this  material 
cannot  fail  of  being  both  interesting  and  useful : 

The  instruments  required  for  the  analysis  of  limestones  are  few,  and  not  very  expensive.  They  are  an  accurate  balance 
and  a  series  of  weights,  a  pestle  and  mortar,  some  filtering  paper,  and  a  few  reagents  and  tests.  The  principal  reagents 
required  are  muriatic  acid,  sulphuric  acid,  nitric  acid,  solution  of  prussiate  of  potash,  solution  of  neutral  carbonate  of  pot- 
ash, carbonate  of  ammonia,  and  spirit  of  wine. 

(1.)  Having  determined  the  quantity  to  be  analyzed,  as  100  grains,  let  it  be  reduced  to  a  fine  powder,  and  weigh  it 
carefully.  Next  expose  it  to  the  action  of  muriatic  acid.  The  acid  should  be  poured  upon  the  earth  in  an  evaporating 
bason,  in  a  quantity  equal  to  about  twice  the  weight  of  the  earthy  matter,  but  diluted  with  double  its  volume  of  water. 
The  mixture  should  be  often  stirred,  and  suffered  to  remain  an  hour  or  more  before  it  be  examined.  If  the  limestone 
contains  any  carbonate  of  lime  or  magnesia,  they  will  have  been  dissolved  in  this  time  by  the  acid,  which  sometimes  takes 
up  a  little  oxide  of  iron,  but  very  seldom  any  alumine.  The  fluid  should  be  passed  through  a  filter ;  and  the  solid  matter 
collected,  washed  with  rain-water,  dried  at  a  moderate  heat,  and  weighed.  Its  loss  will  denote  the  quantity  of  solid 
matter  dissolved  by  the  acid. 

(2.)  The  washings  must  be  added  to  the  solution,  which  if  not  sour  to  the  taste,  must  be  made  so  by  adding  fresh 
acid ;  then  a  little  solution  of  prussiate  of  potash  must  be  mixed  with  the  whole,  and  if  a  blue  precipitate  occurs,  it 
indicates  the  presence  of  oxide  of  iron ;  in  which  case  the  solution  of  the  prussiate  must  be  dropped  in  till  no  further 
effect  is  produced.  Filter  the  solution  and  collect  the  precipitate ;  heat  it  to  redness  j  the  result  is  oxide  of  iron. 

(3  )  Into  the  fluid,  freed  from  oxide  of  iron,  a  solution  of  carbonate  of  potash  must  be  poured  till  all  effervescence 
ceases  in  it,  and  till  its  taste  and  smell  indicate  a  considerable  excess  of  alkaline  salt  The  precipitate  that  falls  down  is 
carbonate  of  lime.  It  must  be  collected  on  a  filter,  and  dried  at  a  heat  below  that  of  redness.  The  remaining  fluid  must 
be  boiled  for  a  quarter  of  an  hour,  when  the  magnesia,  if  there  be  any,  will  be  precipitated  from  it,  combined  with  car- 
bonic acid,  and  its  quantity  is  to  be  ascertained  in  the  same  manner  as  that  of  the  carbonate  of  lime. 

(4.)  The  insoluble  part  separated  by  the  first  process  (1.)  may  contain  silex,  alumine,  and  oxide  of  iron.  To  separate 
these  from  each  other,  the  solid  matter  should  be  boiled  for  two  or  three  hours  with  sulphuric  acid,  diluted  with  four 
times  its  weight  of  water.  The  quantity  of  the  acid  should  be  regulated  by  the  quantity  of  solid  matter  to  be  acted 
upon,  allowing  for  every  100  grains  120  grains  of  acid.  The  substance  remaining  undissolved  by  the  acid  may  be  con- 
sidered as  silex ;  and  it  mflst  be  separated  and  weighed,  after  washing  and  drying  it  in  the  same  manner  as  the  other 
precipitates. 

(5.)  The  alumina  and  oxide  of  iron,  if  there  be  any,  will  both  have  been  dissolved  by  the  sulphuric  acid,  and  may  be 
separated  by  adding  carbonate  of  ammonia  to  excess,  which  throws  down  the  alumine,  and  leaves  the  oxide  of  iron  in 
solution,  and  this  substance  may  be  separated  from  the  fluid  by  boiling  it. 

(6.)  When  the  examination  of  the  limestone  is  completed,  the  quantities  of  the  different  substances,  arranged  in  the 
order  of  the  experiments,  should  be  added  together,  and  if  they  nearly  equal  the  original  quantity  of  limestone,  the  analysii 
may  be  considered  accurate. 

Thus,  suppose  a  hundred  grains  of  limestone  to  have  been  analyzed ;  they  may  be  found  to  contain — 

Of  carbonate  of  lime,  .  .  ....          51  -3  I 

Carbonate  of  magnesia,  .  .  ,  ,27' 
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Silex 3- 

Aliuniiie,       .........      12' 

Oxide  of  iron,      ........  5- 

98-3 
Water  and  loss,        .  .  .  .  .  .  .  .17 

100-0 

When  the  experimentalist  has  become  acquainted  with  the  relation  between  the  external  and  chemical  characters  of  lime- 
stones, he  will  seldom  find  it  necessary  to  perform  all  the  processes  that  have  been  described ;  for  instance,  few  limestones 
contain  magnesia,  therefore  the  process  (4.)  may  be  omitted  in  such  cases. 21 

52.  It  is  only  within  a  few  years  back  that  scientific  men  have  come  to  any  certain  conclusions  as 
regards  the  causes  of  the  peculiar  property  of  hydraulic  lime.    For  a  long  time  it  was  ascribed  to  the 
presence  of  metallic  oxides ;  then  to  the  manner  of  slaking  the  lime  and  mixing  the  ingredients  of 
mortar ;  but  careful  analysis  and  experience  have  finally  settled  the  question,  and  it  is  now  fully 
ascertained  that  this  property  is  owing  to  the  presence  of  argile  or  common  clay  in  the  stone,  which, 
after  the  latter  is  calcined,  forms  a  compound  possessing  this  highly  important  quality.    It  still,  how- 
ever, remains  to  be  determined,  whether  the  presence  of  both  the  elements  of  argile — silex  and  alu- 
mine — are  necessary  to  impart  this  property.    Alumine  alone,  it  is  known,  does  not ;  and  an  hydraulic 
lime  has  been  found  in  France,  in  which  it  is  stated  that  silex  is  alone  present.     Whatever  may  be 
the  solidifying  principle,  a  most  important  fact  is  put  beyond  a  doubt,  that  an  artificial  hydraulic  lime, 
equal  in  quality  to  the  best  natural  varieties,  can  at  any  time  be  made  by  mixing  common  lime, 
in  a  slaked  state,  with  any  mineral  substance  of  which  argile  is  the  predominant  constituent,  by  simply 
exposing  it  to  a  suitable  degree  of  heat,  and  afterwards  converting  it  into  a  fine  powder,  before  mixing 
it  with  the  lime. 

53.  One  of  the  most  celebrated  limes  in  France  is  that  of  Metz.    Its  excellent  qualities  are  highly 
extolled  by  Belidor*  and  Rondelet.t     The  stone  from  which  it  is  made,  is  of  a  grey  colour,  very 
hard,  and  is  composed  of 

Carbonic  acid,             .......  39-00 

Lime 44-5 

Silex, 5-25 

Alumine,              ........  1"25 

Oxide  of  iron,            .......  3'2 

Oxide  of  manganese,       .......  3'5 

Water  and  loss,         .......  3-3 


100-J 

The  oxide  of  manganese,  it  appears,  has  the  same  effect  in  cement  as  the  oxide  of  iron  has.  Indeed 
Bergman  supposed  that  the  property  of  setting  in  water  proceeded  from  the  manganese  contained  in 
poor  limes ;  but  later  inquiries  have  shown  that  it  only  possesses  this  property  in  common  with  iron 
and  silica. 

54.  "  Pennarth  limestone,"  says  Bp.  Watson,  §  "  is  washed  in  large  cobbles  from  the  cliffs  on  the 

*1  The  reader  who  wishes  to  pursue  this  interesting  subject  may  consult  Henry's  '  Epitome  of  Chemistry,"  part  ii. 
sect.  ii. ;  Sir  H.  Davy's  'Agricultural  Chemistry,'  sect.  iv.  p.  164;  Kirwan's  '  Elements  of  Mineralogy,'  vol.  i.  p.  459,  2d 
ed.  1794. 

*  '  Science  des  Ingenieurs,'  liv.  iii.  chap.  3.  I  '  L'Art  de  Batir,'  tome  i.  p.  249. 

J  Gauthey's  'Construction  des  Pouts,'  tome  ii.  p.  279;  or  Nicholson's  Journal,  vol.  v.  p.  Ill,  4to  series. 

5  Chemical  Essays,  vol.  iv.  p.  346. 
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Welsh  side  of  Bristol  Channel.  The  lime  made  from  it  is  highly  esteemed  in  that  country  from  its 
sotting  under  water.  It  is  called  lion  lime  (perhaps  lien)  from  its  binding  quality.  The  stone  is  of 
a  grey  colour,  and  besides  the  proper  earth  of  lime,  contains  a  large  proportion  of  clay  and  iron." 

55.  The  stone  of  Lena,  in  Upland,  mentioned  by  Bergman,  is  grey,  mixed  with  greenish  white 
particles,  and  very  hard;  generally  invested  with  the  brown  oxide  of  manganese.     It  loses  0'39  of  its 
weight  by  burning,  and  affords  a  brown  lime.     The  presence  of  manganese  may  be  discovered  by 
melting  the  stone  with  double  its  weight  of  nitre ;  the  manganese,  if  it  contain  any,  will  leave  a 
green  trace  on  the  sides  of  the  crucible.* 

56.  The  limestone  of  Senonches,  which  furnishes  the  best  water-lime  to  the  environs  of  Paris, 
according  to  Descostils,  contains,  besides  carbonate  of  lime,   a  considerable  quantity — perhaps  a 
fourth — of  extremely  fine  silica,  with  a  very  small  portion  of  magnesia,  alumina,  and  oxide  of  iron,  t 

57.  When  Smeaton  undertook  the  erection  of  the  much  celebrated  lighthouse  on  the  Eddystone 
rocks,  he  made  a  great  number  of  experiments  on  the  nature  and  properties  of  water-limes.     Experi- 
ments made  by  Smeaton  could  not  fail  of  being  useful  and  instructive ;  they  are  calculated  to  remove 
many  prejudices,  and  establish  many  important  facts.22     He  found  the  Aberthaw  and  Watchet  limes 
to  be  superior  to  any  other  kind  he  tried.     Aberthaw  lime  is  made  from  a  stone  found  at  Aberthaw, 
on  the  coast  of  Glamorganshire.     "  This  stone,  before  burning,  was  of  a  very  even,  but  dead  sky-blue 
colour,  with  a  very  few  shining  particles;  but  when  burnt  and  sifted  it  was  of  a  bright  buff  colour;" 
it  contains  about  13  per  cent,  of  bluish  clay.J     The  Watchet  lime  is  made  from  the  blue  lias  lime- 
stone of  Watchet  in  Somersetshire.     It  "  is  of  a  dead  sky-blue,  of  a  very  fine  frosted  grain  when 
broken,  with  a  few  shining  particles ;"  it  gives  a  buff  coloured  lime. 

58.  The  Barrow  lime,  from  Barrow  in  Leicestershire,  is  made  from  a  stone  which  has  the  appear- 
ance of  blue  lias,  only  rather  of  a  more  yellow  tinge,  and  slaty  structure.     It  burns  to  a  buff  coloured 
lime  like  that  of  Watchet  and  Aberthaw,  and  on  dissolution  affords  about  21  per  cent,  of  blue  clay, 
and  a  minute  quantity  of  dirty  grey  sand.     "  It  does  not  appear  to  acquire  quite  so  firm  and  stony 
a  hardness  as  the  blue  lias  of  Somersetshire,'^  though  it  occurs  on  the  same  deposit:  the  blue  lias 
stone  strata  stretching  across  England,  in  a  direction  from  N.  E.  to  S.  W.,  from  the  sea-coast  at 
Whitby  to  Lyme-Regis  in  Dorsetshire.  ||     Hitherto  the  lias  used  by  the  London  builders  has  been 
brought  from  Lyme-Regis;  but  it  is  little  used  in  the  metropolis,  being  about  25  per  cent,  dearer 
than  the  Dorking  lime. 

59.  The  Clunch  line,  from  near  Lewis  in  Sussex,  Smeaton  says,  is  in  great  repute  for  water- 
works, "  and  indeed  deservedly  so."     This  stone  is  found  in  thick  masses,  as  chalk  generally  is ;  it  is 
harder  than  common  chalk,  but  of  the  lowest  degree  of  what  may  be  denominated  a  stony  hardness, 
and  inclining  towards  a  yellowish  ash  colour. 

GO.  The  Sutton  lime  (Lancashire)  is  made  from  a  stone  of  a  deep  brown  colour,  with  a  white  clayey 
coat  on  the  outside.  Like  the  Aberthaw  and  other  good  limes,  it  is  of  a  buff  colour  when  burnt,  it 
contains  nearly  19  per  cent,  of  brown  or  red  clay,  and  about  2J  per  cent,  of  fine  brown  sand. 

61.  The  following  table  shows  the  result  of  Smeaton 's  experiments  on  nine  different  English  water 
limestones. IT  The  last  two  columns  are  added, — the  one  to  show  the  proportion  of  clay  in  a  hundred 
parts  of  the  stone, — the  other,  the  proportion  of  fine  sand. 

*  Kirwan's  Mineralogy,  vol.  i.  p.  117.  f  'Journal  des  Mines,'  tome  xxxiv.  p.  309. 

22  Smeaton's  experiments  are  detailed  in  the  4th  chapter  of  his  '  Description  of  the  Construction  of  Eddystone  Light- 
house," a  work  which  cannot  be  too  earnestly  recommended  to  the  attention  of  the  reader. 

t  Eddystone  Lighthouse,  p.  105.  §  Idem.  p.  114. 

||  An  attempt  is  now  [1843]  making  to  supply  the  London  market  with  this  lime  from  a  valuable  working  at  SouthBin 
iii  Warwickshire.  It  contains  from  87  to  95  per  cent,  of  carbonate  of  lime.  t  Eddystone  Lighthouse,  p,  1 1 7. 
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In  100  parts. 

Reduction 

No. 

Kind  of  limestone. 

Proportion 
ol  clay. 

Colour  of  the 
clay. 

of  weight 
by  burn- 

Colour of  the  brick. 

Proportion 

Proportion 

ing. 

of  clay. 

ot  sand. 

1 

Aberthaw 

iV 

Lead  colour 

4  to  3 

Gray  stock  brick 

13 

2 

3 
4 

Watchet 

Barrow 
Long  Bennington 

T\ 

•ft 
& 

Ditto 

Ditto 
Ditto 

4—3 
3—2 

(  Lightish  colour 
|  reddish  hue 
Gray  stock  brick 
Dirty  blue 

12 

214 
13-6 

(  minute 
I  quantity. 

5 

Sussex  <  'lunch 

ft 

Ash  colour 

3-2 

Ash  colour 

18-7 

6 

Dorking  (Surrey) 

TV 

Ditto 

58 

7 
8 

Berryton  grey  lime     . 
Gilford  . 

A 
* 

Ditto 
Ditto 

8-3 
10-5 

9 

Sutton 

A 

Brown 

18-7 

25 

62.  Smeaton's  experiments  show  that  the  hard  Plymouth  stone  is  not  any  hotter  for  the  purpose  of 
making  water-cements  than  common  chalk-lime.     Smeaton  also  tried  shell-lime,  which  has  heen  sup- 
posed to  be  superior  to  any  other  kind.     He  found  that  it  would  set  hard  and  readily  without  admix- 
ture of  sand,  tarras,  or  other  matter  ;  on  being  put  into  water  it  did  not  fall  in  pieces  immediately, 
but  gradually  macerated  and  dissolved  from  the  surface  inwards.*     Hence  it  appears  that  neither 
shell-lime  nor  any  other  pure  lime  can  be  used  for  a  water-cement ;  indeed  Smeatou  lays  it  down  as 
a  fundamental  position,  that  no  composition  can  be  made  with  marble  or  chalk-lime  and  sand  that 
will  ever  acquire  a  stony  hardness  under  water,  or  where  it  can  be  perpetually  supplied  with  moisture 
from  the  tides,  f     The  Agnes  lime,  made  near  Ashbourn,  Derbyshire,  is  stated  to  be  one  of  those 
that  made  good  water-mortar.  J 

63.  In  the  fifth  volume  of  the  '  Prize  Essays  of  the  Highland  Society  of  Scotland,'  §  there  is  a  good 
account  of  the  principal  lime-quarries  in  Scotland,  by  Mr.  James  Carmichael,  to  which  we  are  in- 
debted for  the  following  comparative  Table  of  the  Scottish  quarries : 


No.                  NAME. 

Annual 
Produce. 

Sale  Price. 

1.  Burdiehouse, 

15,000 

2s.  3d.  P.  B. 

2.  Mount  Lothian,       .        . 

15,000 

Is.  8d.  B.  B. 

3   Fullarton, 

8,000 

Is.  8d.    — 

4.  Side  

12,000 

Is.  8d.    _ 

5.  Bent  

6,000 

Is.  4d.    — 

6.  Whitefield,      . 

8,000 

Is.  6d.    — 

7.  Carlops,       .         .         .!  '  •     *  • 

7,000 

Is.  6d.    — 

8.  Hemperston,             . 

5,500 

Is.  9d.    — 

9.  Middleton, 

12,000 

Is.  9d.    — 

10.  Blinkbonny,     . 

5,000 

Is.  6d.    — 

11.  Chrigtondean,               . 

24,000 

Is.  9d.    — 

12.  Cousland, 
13.  Salton  

16,000 
24,000 

Is.  lOd.  — 
Is.  lOd.  — 

14.  Jerusalem, 

8,000 

Is.  lOd.  — 

15.  Sunny  side, 

7,000 

2s.           — 

1  6.  East  Barns, 

7,000 

Is.  6d.  P.  B. 

17.  Skateraw, 

18,000 

Is.  7d.    _ 

18.  Harelaw, 

8,000 

Is.  lOd.  B.  B. 

19.  East  Camps, 

5,500 

6d.  cwt. 

20.  Raw  Camps, 

3,500 

10s.  P.  ton. 

Imperial 
Bushels. 

Price  per 
Bushel. 

Carbonate  of 
Lime  in 
100  parts. 

59,640 

6Jd. 

99.7 

87,120 

3}d. 

98.9 

46,464 

SJd. 

99.0 

69,696 

3id. 

98.5 

34,843 

2Jd. 

99.0 

46,464 

3d. 

98.9 

40,656 

3d. 

99.0 

31,944 

SJd. 

99.0 

69,696 

3Jd. 

94.5 

29,040 

3d. 

99.5 

139,392 

3Jd. 

968 

92,928 

SJd. 

98.8 

139,392 

SJd. 

97.5 

46,464 

SJd. 

98.0 

40,656 

4d. 

96.0 

27,832 

41d. 

99.0 

71,568 

4Jd. 

99.0 

46,464 

SJd. 

97.7 

106,484 

4id. 

99.7 

93,336 

4Jd. 

99.7 

*  Eddystone  Lighthouse,  p.  106. 
§  Edinburgh,  1837,  8vo. 


t  Smeaton's  Reports,  vol.  iii.  p.  381. 


Darwin's  Phytologia,  p.  220. 
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( 

Carbonate  of 

No.                 NAMI. 

Annual 
Produce. 

Sale  Price. 

Imperial 
Bushels. 

Price  per 
Bushel. 

Lime  In 
100  parts. 

21.  Leven  Seat, 

12,000 

2s.  6d.  B.  B. 

69,696 

5d. 

99.0 

22.  Gateshiell, 

7,000 

2s.  6d.    _ 

40,656 

5d. 

985 

23.  North  Silvermine, 

8,000 

2s.  6d.    — 

46,464 

5d. 

99.2 

24.  Duddingston, 

20,000 

2s.           — 

116,160 

4d. 

99.7 

7500 

2s.  4d.  P.  B. 

29,820 

7d. 

990 

26.  Craigend, 

4,500 

2s.  4d.    — 

17,892 

7d. 

99.0 

27.  Cumbernauld, 

80,000 

Is.  2d.  B.  i 

245,440 

4|d. 

99.5 

28.  Netherwood, 

2,500 

18s.  8d.  Ch. 

122,720 

4Jd. 

99.3 

29.  Campsie  So.,              • 

1,200 

13s.  4d.   — 

55,998 

4d. 

98.5 

30.  Hurlet, 

1,600 

12s.  Q.  4 

51,200 

4|d. 

99.8 

31.  Househill, 

1,400 

12s.  P.  Cb. 

44,800 

4Jd. 

99.5 

32.  Arden,           . 

...... 

9d.  P.  bus. 



9d. 

55.0 

1  800 

13s.  4d.  Ch. 

57,600 

5d. 

99.0 

34.  Braehead,        .        . 

3,000 

13s.  4d.  _ 

96,000 

fid. 

99.5 

35.  Cessnock, 

5,000 

Is.  2d.  Im.  J 

20,000 

ftfd. 

99.7 

36.  Balgreggan, 

30,000 

8,1.  2  Bus. 

60,000 

4d. 

99.5 

37   Halton  

94000 

4d.  P.  B. 

43,000 

4d. 

99.4 

38.  Craigbead, 

35,000 

8d.  2  B. 

70,000 

4d. 

99.8 

39.  Tarmitchell, 

20,000 

8d.     _ 

40,000 

4d. 

99.5 

40.  Aldoon, 

14,000 

9d.    — 

28,000 

4Jd. 

98.3 

41.  Craigniell, 

11,000 

lid.  — 

22,000 

5Jd. 

95.5 

42.  Gaswater, 

12,000 

Is.     — 

48,000 

6d. 

99.0 

43.  Benston  

100,000 

3d.  to  4Jd. 

100,000 

3d.  to  4Jd. 

99.2 

44.  Craigdullet, 

20,000 

4d. 

20,000 

4d. 

97.5 

45.  Closeburn, 

160,000 

Is.  2  Bus. 

320,000 

6d. 

99.9 

46.  Porteston, 

24,000 

lid.  — 

48,000 

5)d. 

99.0 

47.  Bangry  

18,000 

Is.    — 

36,000 

6d. 

99.3 

48.  Charleston,     . 

400,000 

Is.  7d.  4  B. 

1,600,000 

4Jd. 

96.5 

49.  Douloch, 

13,000 

Is.  6d.    — 

52,000 

4Jd. 

99.5 

50.  Invertiel,         .         . 

8,000 

2s.  2d.  B.  M. 

46,848 

4jd. 

97.0 

51.  Chapel,      .... 

16,000 

2s.  Id.     — 

93,676 

4d. 

99.5 

52.  Forther, 

18,000 

3s.            — 

105,408 

6d. 

99.7 

53.  Pitlessie, 

12,000 

2s.  9d.      — 

70,272 

5jd. 

99.5 

54.  Roscobbie, 

25,000 

2s.            — 

146,470 

4d. 

98.5 

55.  Hedderwick, 

8,000 

2s.  lid.  4B. 

32,000 

8'd. 

99.0 

56.  Limefield, 

3,000 

3s.  B.  M. 

18,024 

6d. 

99.0 

57.  West  Pittendriech,    . 

3,400 

3s.    — 

20,424 

6d. 

99.7 

64.  Sand.] — The  term  sand  is  applied  to  any  mineral  substance  in  a  granular  state,  when  the  grain 
is  of  an  appreciable  size,  and  insoluble  in  water. 

65.  Sand  is  classified,  either  from  its  principal  constituent  element,  as  siliceous  sand,  argillaceous, 
&c. ;  or  from  the  size  of  the  grain,  as  coarse,  fine,  and  middling  sand ;  the  latter  classification  being 
chiefly  in  use  among  builders.    As  this  material  is  either  procured  from  pits,  or  from  shores  or  rivers, 
or  the  sea,  it  is  denominated  pit-sand,  sea-sand,  or  river-sand,  from  the  locality  where  it  is  obtained. 

66.  Pit-sand  is  superior  to  river-sand  for  all  purposes  where  mortar  is  required  to  possess  great 
strength.    Its  grain  is  more  angular  and  porous  than  that  of  river-sand :  the  latter  becoming  smooth  and 
polished  from  the  constant  attrition  between  the  grains  ;  this  roughness  gives  the  lime  a  better  hold 
on  the  grains ;  besides,  it  is  generally  freer  from  the  impurities,  as  salts,  &c.,  which  are  found  in  the 
sand  taken  from  the  shores  of  the  sea  and  tide-water  rivers.     River-sand,  owing  to  its  superior  white- 
ness and  the  small  size  of  its  grain,  is  well-suited  for  plastering  in  the  interior  of  edifices.     Fine  pit- 
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sand  should  not  leave  any  stain  on  the  fingers  when  rubbed  between  them.  If  it  is  found  to  contain 
earthly  impurities,  or  salts,  it  must  be  passed  through  several  waters  in  flat  vats ;  the  water  being 
renewed  and  poured  off  until  it  no  longer  appears  turbid.  The  siliceous  class  is  superior  to  every 
other,  owing  to  the  great  strength  and  hardness  of  its  grains. 

67.  Cements.] — These  substances  are  obtained  sometimes  in  a  natural  state  ;  or  they  can  be  pre- 
pared artificially,  by  calcining  pure  argile,  and  most  of  the  argillaceous  stones.     Their  uses,  as  has 
been  already  stated,  (Art.  45,)  are  to  form  an  artificial  hydraulic  lime,  by  mixing  them  with  common 
lime. 

68.  All  the  substances  which  serve  as  cements  contain  nearly  the  same  constituent  elements,  and 
in  about  the  same  proportions.    They  are  argile,  in  which  the  alumine  varies  between  one-fourtli  and 
one-half  of  the  silex,  with  a  small  portion  of  the  oxides  of  iron  and  manganese,  and  the  carbonate  of 
lime,  potash,  and  soda. 

69.  The  argile,  or  clay,  constitutes  the  essential  ingredient  of  cements.     The  metallic  oxides  seem 
to  play  a  neutral  part  when  not  in  excess ;  but  the  oxide  of  iron,  when  very  abundant  in  clay,  appears, 
from  some  experiments,  to  act  injuriously  on  the  quality  of  the  cement.    The  carbonates  of  soda  and 
potash,  and  the  muriate  of  soda,  or  common  salt,  produce,  it  is  said,  a  favourable  effect,  when  the 
heat  is  by  accident  carried  beyond  the  degree  for  suitable  calcination.    The  other  foreign  ingredients 
found  in  clay,  as  the  carbonate  of  magnesia,  &c.,  do  not  appear  to  affect  the  quality  of  the  cement. 

70.  Puzzolano,13  and  trass  or  terras,  are  the  most  celebrated  natural  cements.    They  are  both  of  vol- 
canic origin,  the  former  being  found  in  a  pulverulent  state  near  Mount  Vesuvius ;  the  latter  near 
Andernach  on  the  Rhine,  where  it  occurs  in  fragments,  and  is  ground  fine,  and  exported  for  hydraulic 
works.     The  constituent  elements  of  both  these  natural  products  are  nearly  the  same,  and  as  follows, 
in  one  hundred  parts  : — 

Silex,     .  .  .  .  .  .  .  .  55  to  60  parts. 

Alumina,  .  .  .  .  .  .  20—19    — 

Iron 20—15   _ 

Lime,        .  .  ..  .  .  .  .          5  —    6   — 

71.  Puzzolano  appears  to  have  been  used  by  the  Romans  in  the  construction  of  their  ordinary 
buildings  in  the  neighbourhood  of  the  place  where  it  is  obtained.*     Its  colours  are  reddish  or  reddish 
brown,  and  grey  or  greyish  black.     That  of  Naples  is  generally  grey,  that  of  Civita  Vecchia  more 
generally  reddish  or  reddish  brown.     Its  surface  is  rough  and  uneven,  and  of  a  baked  appearance  ; 
when  broken  and  examined  with  a  magnifying  glass,  it  appears  to  be  a  spongy  substance,  with 
innumerable  little  cavities  like  a  cinder,  and  not  much  harder.     It  comes  to  us  in  pieces  of  the 
size  of  a  nut  to  that  of  an  egg.     It  is  very  brittle  and  has  an  earthy  smell ;  its  specific  gravity  varies 
from  2-570  to  2-785.     It  does  not  effervesce  with  acids,  and  is  not  diffusible  in  cold  water ;  but  in 
hot  water  it  gradually  deposits  a  fine  earth.     When  heated  it  assumes  a  darker  colour,  and  easily 
melts  into  a  black  slag. 

72.  According  to  Bergman,  puzzolano  contains  from  19  to  20  parts  of  iron.     The  iron  is  not 
oxidated,  and  being  finely  divided  and  dispersed  through  the  whole  mass,  it  offers  a  large  surface 
which  quickly  decomposes  the  water  with  which  it  is  mixed  when  made  into  mortar.     The  union  of 

23  For  a  method  of  making  artificial  puzzolano,  and  on  the  nature  of  cements  and  mortars  generally,  the  reader  should 
consult  '  A  Practical  Treatise  on  Calcareous  Mortars,  Cements,"  &c.  By  T.  L.  Vicat,  translated  by  Capt.  Smith,  Madras 
Engineers. 

*  Vitruvius,  book  ii.  chap.  vi. 
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the  oxygen  of  the  water  witii  the  iron  is  supposed  to  be  the  principal  cause  of  the  hardening  of 
the  mortar ;  and  the  heat  given  out  by  the  lime  seems  to  be  of  use  in  promoting  this  union.* 
Smeaton  found  puzzolano  to  be  equal,  if  not  superior,  to  tarras,  when  mixed  with  Aberthaw  lime,  as 
a  water-cement ;  and  in  wet  and  dry  work  superior  to  any  he  had  ever  seen ;  it  also  exceeded  in  hard- 
ness any  of  the  compositions  commonly  used  in  dry  work.t 

73.  Tarras  is  found  near  Andernach  in  the  department  of  the  Rhine  and  Moselle,  and  is  called 
by  the   Dutch   Tras  of  Andernach.     Its  colour  is  light  grey,  ash  colour,  or  brownish  groy.     Its 
surface  is  rough  and  porous  ;  fracture,  earthy  and  sometimes  lamellar.     It  is  more  frequently  mixed 
with  heterogeneous  particles  than  puzzolano  is ;  and  is  sometimes  so  hard  that  it  with  difficulty  yields 
to  the  knife.     It  feels  dry  and  harsh,  and  scarcely  effervesces  with  acids.     It  is  not  diffusible  in  cold 
water,  but  in  hot  water  it  gives  an  earthy  smell,  and  deposits  a  fine  earth. 

74.  According  to  Bergman,  its  constituents  are  nearly  the  same  as  those  of  puzzolano,  except  that 
it  contains  a  little  more  lime.J     But  M.  Sganzin,  in  his  '  Cours  de  Construction,'  gives  the  constitu- 
ents of  tarras  as  follows  :  § — 

Silica,          ........  57 

Alumina,  ........  28 

Lime,  ........  6'5 

Oxide  of  iron,  .......        8-5 

100- 

The  quantity  of  iron  is  much  less  than  that  given  by  Bergman's  analysis,  and  the  different  pro- 
perties of  the  substances  when  made  into  mortar  renders  it  more  likely  to  be  correct. 

75.  Mortar  made  with  tarras  does  not  stand  the  frost.     When  the  work  is  wet  and  dry,  it  must 
be  continually  wet :  and  in  that  case  it  throws  out  a  kind  of  stony  concrescence  (called  stalactites) 
which  becomes  very  hard,  and  deforms  the  face  of  the  work.  || 

76.  There  are  few  places  that  can  be  supplied  with  puzzolano  or  tarras  at  so  low  a  price  as  to  per- 
mit of  its  being  used,  with  freedom,  whenever  it  is  necessary  to  make  use  of  a  water-cement ;  it  is 
desirable,  therefore,  that  some  cheap  substitutes  should  be  generally  known,  as  some  of  them  may  be 
obtained  in  almost  any  situation.     The  Dutch  were  the  first  that  attempted  to  supply  the  place  of 
these  natural  productions  by  an  artificial  combination  of  substances  that  were  to  be  had  in  their  own 
country  ;  and,  in  this  they  have  succeeded  extremely  well.     An  artificial  tarras  is  made  at  Amster- 
dam by  calcining  a  kind  of  clay  that  is  got  out  of  the  sea ;  it  is  afterwards  reduced  to  powder  by  mills 
for  that  purpose.     This  artificial  tarras  has  been  analyzed, If  and  consists  of 

Silica,        ........          57 

Alumina,          ......  20 

I-ime,         ......  .5-5 

Oxide  of  iron,  .....  .        17-5 


100-0 


77.  In  the  neighbourhood  of  Tournay  is  found  a  very  hard  blue  stone  which  produces  an  excellent 
lime.  During  the  burning  of  this  stone  into  lime,  part  of  it,  in  a  half-calcined  state,  falls  through  the 
grating  of  the  furnace  and  mixes  with  the  ashes  of  the  coals.  This  mixture  of  coal-ashes  and  refuse 

*  Kirwan's  Mineralogy,  vol.  i.  p.  412.  |  Smeaton's  Eddystone,  p.  109. 

i  Kirwan's  Mineralogy,  vol.  i.  p.  413.  §  Gauthey,  tome  ii.  p.  281. 

1  Smeaton's  Eddystone,  pp.  108  and  109.  ^  Gauthey,  tome  ii.  p.  281. 


SECT.  II.] 


PRINCIPLES  OF  PRACTICAL  ARCHITECTURE. 


49 


of  stone,  forms  what  is  called  the  cinder  of  Tournay.*     The  best  kind  has  been  analyzed,!  and  con- 
sists of 


Silica, 
Alumina, 
Lime, 
Iron,     . 


44 

40 
7-5 

8-5 

loo" 


Though  not  equal  in  goodness  to  the  kinds  before  described,  it  answers  very  well,  and  is  much  used.  • 
78.  Artificial  tarras  may  be  made  by  burning  schistus  or  slates  that  abound  in  iron,  and  grinding 
them  to  a  fine  powder.  A  hard  black  slate  has  been  used  for  this  purpose  in  Sweden,  after  being 
twice  strongly  calcined  in  a  limekiln.  The  experiments  of  M.  Gratien  le  Pere,  show  that  the  schistus 
of  Cherbourgh  may  be  used  with  much  advantage  as  a  substitute  for  puzzolano  or  tarras.  It  is  black, 
hard,  ferruginous,  and  falls  off  in  scales  of  various  thicknesses.  Subsequent  experiments,  however, 
prove  that  the  slaty  schistus  of  Roule,  in  the  environs  of  Cherbourgh,  is  better ;  and  that  good  mortar 
may  be  made  with  the  ferruginous  schist  of  Haineville,  but  inferior  to  the  two  former  ones.  The  schist 
of  Haineville  has  been  analyzed  by  Descostils.J  and  contains 


Silica, 

Alumina, 

Magnesia, 

Lime, 

Oxide  of  iron, 


46 

,     26 

8 

6 

14 

100 


79.  Decayed  basalt  may  be  obtained  in  many  parts  of  the  British  Islands,  and  when  calcined  and 
pulverised,  will  make  an  excellent  substitute  for  puzzolano  or  tarras.  M.  Guyton,  in  1787,  sent  some 
to  Cherbourgh  for  trial,  which  was  found  to  answer  nearly  as  well  as  puzzolano ;  and  some  experi- 
ments that  have  been  made  since,  with  basalt  from  the  department  of  the  Haut- Loire,  have  given  still 
more  advantageous  results.  Of  basalt  the  following  table  shows  the  constituent  parts  of  several 
varieties. 


Localities. 

Silica. 

Alumina. 

Magnesia. 

Lime. 

Oxide  of 
iron. 

Oxide  of 
manganese. 

Soda. 

Authority. 

Basalt  of  Staffii 
Rowley  Rag  or  Amorphous  basalt 
Toadstone  of  Derbyshire  . 
Basalt  of  Hassenburg  . 
Basalt  of  Hunneberg 

46 
47.5 
63 
44.5 
50 

16 
32.5 
14 
16.75 
15 

2 

9 

7 
9.5 

8 

16 
20 
16 
20 
25 

0.12 

4 
2.6 

Kennedy 
Withering 
Ditto. 
Klaproth 
Bergman 

Basalt  is  found  in  many  parts  of  England,  and  in  vast  abundance  in  Scotland.  At  Edinburgh  a 
stratum  of  basalt  forms  the  Calton  and  Castle  Hills,  and  Salisbury  Crags.  It  is  also  very  plentiful 
in  Ireland ;  Sir  H.  Davy  says,  "  an  excellent  red  tarras  may  be  procured  in  any  quantities  from  the 
Giant's  Causeway"  in  Ireland.g 

80.  The  argillaceous  iron  ores  are  capable  of  forming  a  very  hard  cement  that  will  set  in  water. 
They  should  be  calcined  till  they  assume  a  deep  brown  colour.  The  siftings  of  the  iron  stone,  after 
calcination  at  the  iron  furnaces,  was  used  by  Smeaton  ;  he  calls  it  minion,  and  says  it  was  "supposed 
by  Mr.  Michel  to  be  what  chiefly  falls  from  the  outside  of  the  lumps  of  iron  stone,  and  therefore  con- 
tains more  clay."  || 


*   Belidor's  Science  des  Ingenieurs. 

J   Philosophical  Magazine,  vol.  xxxiv.  p.  180. 

§  Agricultural  Chemistry,  p.  327. 


f  Gauthey's  Construction  des  Ponts,  tome  ii.  p.  283. 
Gauthey's  Construction  des  Ponts,  tome  ii.  p.  283. 

H  Smeaton 's  Eddystone  Lighthouse,  p.  117. 

a 


PRELIMINARY  REMARKS  ON  THE 


[PART  I. 


81.  Black  oxide  of  iron  is  a  combination  of  iron  and  oxygen,  in  which  there  is  a  less  quantity  of 
oxygen  than  there  is  in  the  red  oxide.     The  scales  that  are  detached  from  iron  in  the  operation  of 
forging,  are  a  black  oxide  of  iron.     We  cannot  have  a  better  proof  of  the  use  of  the  black  oxide  of 
iron  in  water-cements  than  Smeaton's  experiments.     He  found  that  scales  from  the  smith's  forge 
were  equal  to  puzzolano,  when  mixed  with  lime  in  the  same  proportion. 

82.  Cement-stones  are  earthy  compounds  of  iron  and  lime,  with  silex  and  alumina.    They  are  fre- 
quently found  in  rounded  nodules,  intersected  by  thin  septa  of  carbonate  of  lime,  and  are  called  sep- 
taria,  clay-balls,  ludas  helmontii,  &c. ;  but  the  stone  is  also  found  stratified  along  with  the  alum  shale. 
The  market  is  at  present  supplied  from  the  coast  of  the  Isle  of  Sheppey,  from  Harwich,  and  from  the 
Yorkshire  coast  near  Whitby.     It  is  not  however  confined  to  these  places,  but  is  abundantly  distri- 
buted.    We  have  seen  it  both  in  Scotland  and  within  the  district  of  the  great  Northumberland  coal- 
field.    It  is  also  found  on  the  coast  of  France,  near  Boulogne.     Its  colour  is  brownish  grey  of  various 
degrees  of  intensity,  compact,  hard,  and  fine  grained ;  specific  gravity  2'59.     Its  fractured  surfaces 
become  brown  or  red  brown  by  exposure  with  moisture, — evidently  owing  to  the  oxidation  of  the  iron  the 
stone  contains.     On  being  calcined  it  loses  about  one-third  of  its  weight,  the  loss  consisting  of  water 
and  carbonic  acid ;  its  colour  becomes  reddish  brown,     The  calcination  is  effected  in  kilns  or  ovens, 
and  requires  care  to  prevent  vitrification  taking  place.     The  stones  after  being  properly  calcined,  are 
ground  to  a  very  fine  powder,  which  is  called  Roman  cement,  and  should  be  kept  in  a  very  dry  place. 
The  more  closely  it  is  packed,  and  the  less  it  is  exposed  to  the  air  the  better ;  for  it  has  a  strong 
attraction  for  moisture,  and  acquires  it  rapidly  from  the  air,  particularly  in  a  damp  atmosphere  ;  but 
being  close  packed  and  dry  it  may  be  kept  a  considerable  length  of  time.     It  is  sent  out  from  the 
cement-manufactories  in  close  casks,  usually  lined  with  paper,  containing  five  bushels.    But  two-bushel 
casks  are  sometimes  used  ;  and  for  immediate  use  it  is  frequently  sent  out  in  three-bushel  casks. 
Six  casks  of  cement,  including  the  casks,  weigh  one  ton. 

The  component  parts  of  the  cement-stones  differ  considerably  ;  and  so  does  the  quality  and  colour 
of  the  cement ;  the  colour  is  of  much  importance  for  stucco-work,  and  is  besides  a  good  criterion  of 
the  quality.  We  give  the  analysis  of  the  principal  varieties  used,  and  their  qualities  as  far  as  our 
experience  extends : 


Constituent  parts. 

Sheppey  cement-stone. 

Harwich 
cement 

riatre  cement-stone  from  Boulogne. 

Carbonate  of  lime 
Carbonate  of  magnesia    . 
Silex         .... 
Alumina       .... 
Protoxide  of  iron 
Carbonate  of  iron 
Carbonate  of  manganese     . 
Alkaline  and  earthy  salts 
Water  and  loss 

61 

11 
13 

8 
8 

65-7 
•5 
18 
6-6 

6 
19 

13 

52 

9375 
9-5 

17'<5 

7-5 
3-875 

69-5 

19 
3 

3-5 
5 

733 

9-9 

4-4 

11  3 
11 

70-25 

15 
5 

7 
2-75 

Analyst 
Quality  of  ditto 

100 
Hatchett 
Good 

100-0 
Berthier 

100-000 
Inferior 

100-0 
Vanquelin 

1000 
Guyton 

10000 
Drapier 

The  stone  does  not  appear  to  be  a  regular  chemical  compound  ;  but  when  it  is  good  the  composi- 
tion does  not  materially  vary  from  Hatchett's  analysis. 

83.  The  Roman  cement  is  the  most  valuable  of  water-cements,  and  its  use  most  extensive,  besides 
it  has  the  advantage  of  being  easily  applied  ;  hence,  we  begin  with  it.  On  a  clean  mortar-board  put 
a  quantity  of  cement,  sufficient  to  serve  the  time  the  cement  requires  to  set  in,  (about  15  minutes,) 
»nd  add  to  it  not  less  than  an  equal  quantity  by  measure  of  dry  and  clean  river-sand  composed  of 
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unequal  sized  and  angular  grains.  Mix  the  cement-powder  and  the  sand  well  together,  and  then  form 
the  mixture  rapidly  into  a  paste  by  adding — at  once  if  possible — as  much  clean  water  as  will  render  it 
of  the  proper  consistence  for  use.  It  should  be  quickly  used,  and  not  disturbed  in  the  slightest  de- 
gree after  it  has  commenced  setting.  During  the  time  of  setting,  its  surface  becomes  dry  and  sensi- 
bly warm  ;  and,  if  it  be  not  exposed  to  water,  it  is  useful  to  apply  water  frequently,  which  causes  the 
cement  to  become  more  hard,  compact,  and  durable.  The  work  to  be  cemented  or  joined  with  cement 
should  be  clean  from  mortar  and  dust ;  and  should  be  well- wetted  before  applying  the  cement ; 
whether  the  material  be  stone  or  brick,  new  surfaces,  cleared  well  of  dust,  always  unite  the  best.  For 
building,  good  cement  will  bear  one  and  a  half  part  of  sand  to  one  of  cement,  and  sometimes  two  parts 
of  sand  to  one  of  cement  may  be  used.  Forty  bushels  of  cement  with  a  proper  quantity  of  sand  will  build 
a  rod  of  brick- work.  In  coating  or  lining  with  cement,  it  should  always  be  applied  in  one  coat,  on  clean 
surfaces,  which  have  been  well-wetted,  and  not  less  than  about  three-fourths  of  an  inch  in  thickness. 
For  it  is  well  known  that  cement  does  not  adhere  so  well  to  cement,  as  to  stone  or  brick ;  besides,  when 
cement  is  applied  in  two  coats,  the  finishing  one  is  usually  done  with  finer  sand,  and  the  two  coats  being 
of  unequal  texture  partially  separate  in  drying,  and  often  fail  with  the  frost  of  the  first  winter.  When 
it  is  applied  in  one  coat,  the  less  the  surface  is  worked  the  better.  It  should  be  left  with  the  appearance 
of  the  grain  of  sandstone,  it  will  then  stand  the  frost,  and  be  free  from  small  cracks.  There  should 
not  be  less  sand  than  equal  parts  of  sand  and  cement-powder,  and  more  if  the  mixture  will  bear  it  so 
as  not  to  be  too  crumbling  to  work.  A  bushel  of  cement,  with  a  proper  quantity  of  sand,  will  cover 
two  square  yards  of  brick  wall  three-fourths  of  an  inch  thick  ;  which  is  the  usual  thickness  of  cement- 
stucco. 

84.  The  use  of  cement,  or  of  cement  and  sand,  in  casting  ornaments,  is  very  considerable  ;  it  casts 
exceedingly  well,  and  when  sand  can  be  used  it  forms  very  durable  works.     It  is  much  used  in  Gothic 
buildings.     It  has  been  sometimes  improperly  applied  in  the  restoration  of  ancient  works  ;  but  no 
one  will  regret  the  change  its  use  has  produced  in  the  aspect  of  London,  where  it  has  been  formed 
into  tops  for  chimneys  of  every  variety  of  form,  and  completely  driven  the  red  earthen  pots  out  of  use 
for  new  works  of  a  respectable  kind.     All  the  precautions  we  have  noticed  apply  to  casting  in  cement ; 
the  neglect  of  them  causes  those  frequent  failures  which  happen  in  works  of  this  kind,  and  prevent  it 
becoming  a  successful  rival  of  carving  in  stone. 

85.  Before  the  time  when  Parker  discovered  the  properties  of  the  Sheppey  cement  stone,  and  still 
in  places  where  it  cannot  be  procured  at  a  reasonable  cost,  it  is  necessary  to  produce  similar  proper- 
ties by  mixture  of  suitable  materials.     Good  hydraulic  lime  is  usually  chosen  as  the  basis  of  the 
composition  ;  but  common  lime  by  peculiar  treatment  in  burning  becomes  nearly  as  good  ;  and  to 
give  either  of  these  the  property  of  hardening  in  water,  either  puzzolano,  tarras,  basalt,  or  some  of 
the  other  substances  we  have  described,  are  mixed  with  the  water  or  hydraulic  lime,  and  such  a  pro- 
portion of  sand  as  is  adapted  to  the  purpose.     The  nature  of  these  compositions  was  carefully  studied 
by  Smeaton,  both  for  Eddystone  Lighthouse,  and  his  later  works.*     The  following  table  shows  the 
various  mixtures  and  proportions  lie  used. 

Table  of  the  Composition  of  Twenty  Kinds  of  Mortar  for  Hydraulic  Works. 


No. 


Water  limo  with  puzzolano. 


1  Eddystone  mortar 

2  Stone  ...     ditto     . 

3  Ditto  ...     second  sort 

4  Face  mortar 


Lime  pow- 
der bushels. 


Puzzolano 
bushels. 


Common 
sand  bushels. 


1 

2 
3 


No.  of 
cubic  feet. 

232 

2-68 
5-57 
467 


*  See  Hist.  Account,  chap.  iv.  and  Reports. 


No. 

Water  lime  ivith  puzzolano. 

Lime  pow- 
der bushels. 

i  n/zoiai 
bushels 

5 

Face  mortar  second  sort 

2 

0| 

T>       1   *                       f 

.       2 

°i 

Water  lime  with  minion.* 

Minion. 

7 

Face  mortar 

2 

2 

8 

Ditto  calder  composition 

.       2 

1 

9 

Backing  mortar 

2 

oj 

10 

Ditto  ...  second  sort 

.      2 

Oi 

Common  lime  with  tavras. 

Tarras. 

11 

Tarras  mortar 

.      2 

1 

19 

incren°ed 

2 

1 

J  & 

13 

i  further  ditto 

.      2 

1 

ctill  further  ^;t*rt 

2 

1 

15 

Tarras  backing  mortar 

.      2 

04 

16 

second  °crt 

2 

0* 

Common  lime  with  minion. 

Minion. 

17 

Ordinary  face  mortar 

2 

2 

18 

second  sort     . 

2 

1 

19 

Ordinary  backing  mortar    . 

.      2 

Oi 

20 

2 

Oi 
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Common  No.  of 

sand  bushels.  cubic  feet. 

3  .  4-17 

3  .  4-04 

1  .  322 

2  .  3-57 

3  .  4-17 
3  .  4-04 

0  .  1-67 

1  .  2-50 

2  .  3-45 

3  .  4-35 
3  .  3-50 
3  .  3-37 

2  .  2-75 

3  .  4-34 
3  .  4-05 
3  .  392 

86.  The  following  observations  ought  to  be  carefully  attended  to : — 
First,  The  materials  are  all  supposed  to  be  in  a  dry  state  when  measured. 

Second,  The  lime  is  supposed  to  be  put  into  the  measure  with  a  shovel  with  some  degree  of  force, 
but  not  pressed  ;  the  same  may  be  said  of  the  puzzolano,  minion,  and  tarras. 

Third,  Sand  measures  more  when  moist  than  dry ;  so  that  in  moist  sand  something  must  be  allowed 
in  the  measure. 

Fourth,  If  the  sand  is  not  a  mixture  of  coarse  and  fine,  it  must  be  rendered  so  by  admixture. 

Fifth,  "  The  due  beating  of  the  mortar  is  of  great  consequence,  and  without  going  into  that  repeti- 
tion of  beating  which  has  always  been  looked  upon  as  essential  to  tarras  mortar,  such  as  No.  11,  a 
degree  of  beating  sufficient  to  give  it  all  the  possible  consistence  and  toughness  before  it  is  used,  is  in 
reality  indispensable." 

Sixth,  "  The  customary  allowance  for  tarras  mortar  beating,  is  a  day's  work  of  a  man  for  every 
bushel  of  tarras." 

No.  5.  Smeaton  supposed  equal  in  firmness  and  validity  to  No.  11 ;  and  No.  10  to  15.  The  mea- 
sure is  the  Winchester  bushel  striked.  The  lime  chiefly  used  by  Smeaton  was  the  Aberthaw  for  the 
best  compositions. 

87.  The  peculiar  advantages  of  Roman  cement  had  early  drawn  attention  to  forming  an  artificial 
compound  to  possess  the  same  properties,  and  these  attempts  have  been  in  some  degree  success- 
ful.    Of  the  ingredients  alumine  seems  to  be  the  least  active,  nevertheless  its  presence  is  an  advan- 
tage in  getting  the  other  ingredients  to  the  proper  state,  by  means  of  calcination.     The  difficulty  of 
the  case  consists  in  getting  the  ingredients  intimately  mixed  before  they  be  calcined.     The  setting  is 
a  consequence  of  a  compound  hydrate  of  silex,  lime,  and  oxide  of  iron  being  formed  ;  and  hence,  the 
more  completely  these  bodies  have  been  deprived  of  water,  the  greater  will  be  the  energy  with  which 
they  will  combine. 

Minion  is  the  sittings  of  the  iron  stones  after  calcination  at  the  iron  furnaces. 
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88.  Concrete.] — In  preparing  concrete,  the  following  proportions  have  been  found  to  succeed  per- 
fectly in  some  recent  structures. 

Hydraulic  lime,  (unslaked,)  ......  0.30  parts. 

Sand,  (middling,)  ......  .  0.30    —  . 

Cement,  (common  clay,)        .  .  .  .  .  ...  0.30     — 

Gravel,  (coarse,)  ••......  0.20    — 

Chippings  of  stone,      ........  0  40    — 

The  lime,  sand,  and  cement,  are,  in  the  first  place,  thoroughly  worked  up  into  a  homogeneous  mass 
of  a  hard  temper ;  this  mass  is  suffered  to  rest  in  a  heap  about  twelve  hours ;  it  is  then  spread  out  into 
a  layer  about  six  inches  thick,  and  the  gravel  and  stone  are  evenly  spread  over  it,  and  the  whole  well 
mixed  up.  The  mass,  before  it  is  used,  is  suffered  to  remain  until  it  lias  partially  set,  which  will  re- 
quire from  twelve  to  thirty-six  hours,  according  to  the  quality  of  the  mortar.  This  delay  is  found  to 
improve  the  quality  of  the  concrete.  This  material  depends  on  the  quality  of  the  mortar  for  its 
excellence.  It  is  not  stronger  than  simple  hydraulic  mortar,  but  it  is  far  more  economical.  The 
gravel,  which  enters  into  its  composition,  is  used  to  fill  up  the  voids  between  the  fragments  of  stone, 
which  would  otherwise  be  filled  by  the  mortar  alone.  Broken  brick  may  be  used  instead  of  frag- 
ments of  stone  when  the  latter  cannot  be  had  ;  or  gravel  alone  may  be  used. 

89.  There  is  no  subject  connected  with  the  art  of  the  Engineer  or  Builder  upon  which  more  in- 
genuity has  been  uselessly  expended  than  upon  that  of  mortar.     Misled  by  erroneous  or  forced  in- 
terpretations of  some  passages  of  the  ancients,  particularly  of  Vitruvius,  various  hypotheses  have  been 
formed  to  explain  the  superior  properties  of  the  mortar  found  in  the  remains  of  ancient  edifices,  over 
that  of  a  modern  date  ;  and  almost  universal  failure,  for  a  long  period,  attended  all  the  experiments 
made  in  conformity  with  these  hypotheses,  as  they  were  not  conducted  according  to  the  only  sure 
method  of  investigation  in  such  cases,  a  careful  analysis.    The  fallacy,  both  of  the  hypotheses  adopted, 
and  the  results  obtained,  led  scientific  engineers  to  treat  the  subject  in  a  more  rational  manner,  and 
with  a  success  which  has  fully  repaid  the  care  bestowed  on  it.     The  true  nature  both  of  lime  and 
mortar — thanks  to  the  labours  of  Vicat,  Raucourt,  and  Treussart, — men  who  stand  at  the  head  of 
the  professions  of  civil  and  military  engineers  in  France — is  now  perfectly  understood ;  and  the  re- 
sults, owing  to  the  light  that  they  have  thrown  on  the  subject,  may  with  certainty  be  predicted.     It 
is  now  placed  beyond  a  doubt,  first,  that  neither  the  methods  followed  in  slaking  the  lime  and  mix- 
ing the  ingredients,  nor  the  age,  are  the  causes  of  the  great  strength  and  hardness  of  some  kinds  of 
mortar,  although  they  doubtless  exercise  some  influence  ;  but  that  these  qualities  are  attributable, 
almost  solely,  to  the  nature  of  the  lime  ;  secondly,  that  with  common  lime  and  sand  a  mortar  is  ob- 
tained which  is  suitable  only  for  dry  exposures  ;  and  that  no  age  nor  preparation  will  cause  it  to 
harden  in  moist  situations,  such  as  foundations,  the  interior  of  heavy  walls,  and  constructions  under 
water  ;  thirdly,  that  there  are  natural  varieties  of  limestone  which  possess  this  peculiar  property  of 
hardening  under  water  and  in  moist  situations,  and  are,  therefore,  alone  suitable  for  hydraulic  mor- 
tar ;  and  that  wherever  this  natural  hydraulic  lime  cannot  be  procured,  an  artificial  mortar  can  be 
prepared,  fully  equal  to  that  made  of  the  natural  lime,  by  adding  some  natural  or  artificial  cement 
to  common  lime  and  sand.     With  regard  to  the  action  of  the  lime  on  the  sand,  the  most  careful 
analysis,  thus  far,  has  not  been  able  to  detect  any  appearance  of  a  chemical  combination  between  the 
two ;  and  it  is  the  received  opinion  that  the  union  between  them  is  simply  of  a  mechanical  character : 
the  lime  entering  the  pores  of  the  sand,  and  thus  connecting  the  particles  much  in  the  same  way  as 
the  particles  of  granular  stones  are  connected  by  a  natural  cement.     The  sand  itself  serves  the  im- 
portant purposes  of  causing  the  mass  to  shrink  uniformly,  whilst  the  hardening  or  setting  of  the  mor- 
tar is  still  in  progress,  and  thus  prevents  any  cracking,  which  must  always  be  the  result  of  irregularity 
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in  the  shrinking ;  it  promotes  the  rapi  I  «'esiccation  of  tlie  mass ;  and  is  conducive  both  to  solidity 
and  economy,  from  its  superior  strength,  hardness,  and  cheapness,  to  lime.  No  perfectly  satisfactory 
solution  has  yet  been  given  for  the  hardening  of  either  common  or  hydraulic  mortar.  That  the  former 
acquires  strength  and  hardness  with  age,  experience  has  very  conclusively  shown  ;  and  it  was,  for 
some  time,  supposed  that  this  arose  from  a  gradual  conversion  of  the  lime  into  a  carbonate  by  the 
slow  absorption  of  carbonic  gas  from  the  air ;  but,  from  experiments  conducted  with  great  care,  it 
seems  that  only  a  very  thin  coating  on  the  surface  undergoes  this  change,  and  that  no  more  gas  can 
be  detected  in  the  interior  of  the  mass  than  is  usually  retained  by  lime  which  has  been  submitted  to 
the  greatest  heat  of  ordinary  kilns.  As  to  the  action  which  takes  place  in  hydraulic  lime,  it  is  ac- 
counted for  on  the  supposition  that  a  chemical  combination  takes  place  between  the  lime  and  argile 
when  mixed  in  a  moist  state,  being  a  compound  formed  with  new  properties  distinct  from  those  of 
the  constituent  elements:  this  combination  requiring  a  longer  or  shorter  time,  depending  on  the 
energy  of  the  ingredients,  to  become  complete. 

90.  From  the  above  views  of  the  nature  of  mortar,  it  appears  that  its  good  qualities,  as  a  building 
material,  essentially  depend,  1.  on  the  kind  of  lime  ;  2.  on  the  strength  and  hardness  of  the  sand  ; 
3.  on  the  adhesion  between  the  lime  and  sand,  which  will  depend  on  the  roughness  and  porosity  of 
the  particles  of  sand,  and  the  care  bestowed  in  thoroughly  incorporating  the  ingredients. 

91.  The  experiments  made  on  the  strength  of  mortar  have  led  to  no  satisfactory  conclusions,  except 
so  far  as  to  institute  a  comparison  of  the  effects  produced  by  using  various  proportions  of  the  same  or 
different  ingredients,  and  from  the  more  or  less  care  taken  in  mixing  them.    As  to  the  absolute  strength, 
no  definite  results,  of  course,  can  be  arrived  at,  owing  to  the  variable  proportions  of  the  ingredients, 
until  some  greater  uniformity  shall  be  adopted  in  the  practice  of  Engineers  and  Builders  generally, 
for  determining  the  proportions,  and  the  method  of  mixing  them. 

92.  The  most  interesting  experiments  on  the  strength  of  mortar  are  those  detailed  by  General 
Treussart  in  his  work  on  this  subject.    He  chose  for  his  experiments  small  rectangular  parallelepipeds, 
six  inches  long,  and  two  inches  square.     These  were  placed  on  props  at  each  end,  leaving  a  bearing 
of  four  inches  between  the  props.     A  common  weighing  scale  was  attached  by  a  hook  or  stirrup  to 
the  middle  point  of  the  parallelepiped,  and  weights  added  until  it  broke :  He  found  that  mortar,  formed 
of  equal  parts  of  common  lime,  sand,  and  cement,  bore  in  this  way  before  rupture  took  place,  from 
220  to  440  pounds  ;  and  he  recommends,  that  for  heavy  masonry  exposed  to  the  air,  the  mortar  used 
should  bear  from  220  to  230  pounds  when  submitted  to  this  test,  and  that  for  hydraulic  works,  from 
330  to  440  pounds.    With  regard  to  mortar  of  common  lime  and  sand,  its  strength  was  found,  by  his 
experiments,  to  be  very  inferior  to  that  in  which  cement  entered.    The  best  samples  were  those  made 
with  one  part  of  lime  and  two  parts  of  sand  ;  some  of  these  bore,  at  the  moment  of  rupture,  from  60 
to  100  pounds.24 

93.  Brick.] — This  material  is  properly  an  artificial  stone,  formed  by  submitting  common  clay, 
which  has  undergone  suitable  preparation,  to  a  temperature  sufficient  to  convert  it  into  a  semi- 
vitrified  state. 

94.  Brick  may  be  used  for  nearly  all  the  purposes  to  which  stone  is  applicable  :  for  when  carefully 
made,  its  strength,  hardness,  and  durability,  are  but  little  inferior  to  the  more  ordinary  kinds  of 

M  Experiments  on  this  very  interesting  subject  to  Builders  have  been  made  by  Colonel  Totten,  of  the  United  States' 
Corps  of  Engineers  at  Fort  Adams.  So  far  as  they  have  been  prosecuted,  they  agree  with  the  results  given  in  the  pre- 
ceding remarks.  Mr.  Brunei  also,  previous  to  commencing  the  Tunnel  under  the  Thames,  made  various  experiments  on 
the  strength  of  different  kinds  of  mortars  and  cements.  These  are  described  in  Barlow's  '  Treatise  on  the  Strength  of 
Timber,  Iron,  and  other  Building  Materials.' 
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building-stone.  It  remains  unchanged  under  the  extremes  of  temperature  ;  resists  the  action  of 
water  ;  sets  firmly  and  promptly  with  mortar ;  and  being  both  cheaper  and  lighter  than  stone,  is 
preferable  to  it  for  many  kinds  of  structures,  as  arches,  the  walls  of  houses,  &c. 

95.  The  art  of  brick-making  is  a  distinct  branch  of  the  useful  arts,  and  does  not  properly  belong  to 
that  of  the  Builder ;  but  as  he  is  frequently  obliged  to  prepare  this  material  himself,  the  following 
outline  of  the  process  may  prove  of  service  : — 

The  best  brick-earth  is  composed  of  a  mixture  of  pure  clay  and  sand,  deprived  of  pebbles  of  every  kind,  but  particu- 
larly of  those  which  contain  lime,  and  pyritous  or  other  metallic  substances ;  as  these,  when  in  large  quantities,  and  in 
the  form  of  pebbles,  act  as  fluxes,  destroy  the  shape  of  the  brick,  and  weaken  it  by  causing  cavities  and  cracks,  but  when 
present  in  small  quantities,  and  equally  diffused  throughout  the  earth,  they  assist  the  vitrification,  and  give  it  a  more 
uniform  character. 

Good  brick-earth  is  frequently  found  in  a  natural  state,  and  requires  no  other  preparation  for  the  purpose  of  the  brick- 
maker.  When  he  is  obliged  to  prepare  the  earth  by  mixing  the  pure  clay  and  sand,  direct  experiments  should  in  all  cases 
be  made,  to  ascertain  the  proper  proportions  of  the  two.  If  the  clay  is  in  excess,  the  temperature  required  to  semi- vitrify 
it  will  cause  it  to  warp,  shrink,  and  crack ;  and  if  there  is  an  excess  of  sand,  complete  vitrification  will  ensue  under  similar 
circumstances. 

The  quality  of  the  brick  depends  as  much  on  the  care  bestowed  on  its  manufacture,  as  on  the  quality  of  the  earth.  The 
first  stage  of  the  process  is  to  free  the  earth  from  pebbles :  which  is  most  effectually  done  by  digging  it  out  early  in  the 
autumn,  and  exposing  it  in  small  heaps  to  the  weather  during  the  winter.  In  the  spring  the  heaps  are  carefully  riddled 
if  necessary,  and  the  earth  is  then  in  a  proper  state  to  be  kneaded  or  tempered.  The  quantity  of  water  required  in  tem- 
pering will  depend  on  the  quality  of  the  earth ;  no  more  should  be  used  than  will  be  sufficient  to  make  the  earth  so 
plastic  as  to  admit  of  its  being  easily  moulded  by  the  workman.  About  half  a  cubic  foot  of  water  to  one  of  the  earth,  is, 
in  most  cases,  a  good  proportion.  If  too  much  water  be  used,  the  brick  will  not  only  be  very  slow  in  drying,  but  it  will, 
in  most  cases,  crack,  owing  to  the  surface  becoming  completely  dry  before  the  moisture  of  the  interior  has  had  time  to 
escape  j  the  consequence  of  which  will  be,  that  the  brick  when  burnt  will  be  either  entirely  unfit  for  use,  or  very  weak. 

Machinery  is  now  coming  into  very  general  use  in  moulding  brick ;  it  is  superior  to  manual  labour,  not  only  from  the 
labour  saved,  but  from  its  yielding  a  better  quality  of  brick,  by  giving  it  great  density,  which  adds  to  its  strength.  Mr. 
Bakewell  of  Manchester's  clay-tempering  machine,  and  aho  his  brick-making  machine,  are  described  in  '  The  Mechanic's 
Magazine'  of  May  14,  1831. 

Great  attention  is  requisite  in  drying  the  brick  before  it  is  burned.  It  should  be  placed  for  this  purpose  in  a  dry  ex- 
posure,  and  be  sheltered  from  the  direct  action  of  the  wind  and  sun,  in  order  that  the  moisture  may  be  carried  off  slowly 
and  uniformly  from  the  entire  surface.  When  this  precaution  is  not  taken,  the  brick  will  generally  crack  from  the  un- 
equal shrinking,  arising  from  one  part  drying  more  rapidly  than  the  rest.  Too  large  a  proportion  of  sand  will  render  the 
brick  brittle  under  this  process ;  while  too  large  a  proportion  of  clayey  matter  will  be  indicated  by  the  brick  shrinking 
and  cracking. 

The  burning  and  cooling  should  be  done  with  equal  care.  A  very  moderate  fire  should  be  applied  under  the  arches  of 
the  kiln  for  about  twenty-four  hours,  to  expel  any  remaining  moisture  from  the  raw  brick;  this  is  known  to  be  com. 
pletely  effected  when  the  smoke  from  the  kiln  is  no  longer  black.  The  fire  is  then  increased  until  the  bricks  of  the 
arches  attain  a  white  heat ;  it  is  then  allowed  to  abate  in  some  degree,  in  order  to  prevent  complete  vitrification ;  and  is 
alternately  raised  and  lowered  in  this  way  until  the  burning  is  complete,  which  may  be  ascertained  by  examining  the 
bricks  at  the  top  of  the  kiln.  The  cooling  should  be  slowly  effected,  otherwise  the  bricks  will  not  withstand  the  effects 
of  the  weather.  This  is  done  by  closing  the  mouths  of  the  arches,  and  the  top  and  sides  of  the  kiln,  in  the  most  effec- 
tual manner,  with  moist  clay  and  burnt  brick,  and  allowing  the  kiln  to  remain  in  this  state  until  the  warmth  has  perfectly 
subsided A  kiln  13  feet  long,  10  feet  6  inches  wide,  and  12  feet  high,  will  burn  18,000  bricks. 

96.  Brick  of  a  good  quality  exhibits  a  fine,  compact,  uniform  texture  when  broken  across, — gives 
a  clear  ringing  sound  when  struck, — and  is  of  a  cherry  red,  or  brownish  colour.  Three  varieties  are 
found  in  the  kiln ; — those  which  form  the  arches,  denominated  arch-brick,  are  always  vitrified  in 
part,  and  present  a  grayish,  glassy  appearance  at  one  end ;  they  are  very  hard  but  brittle,  and  of 
inferior  strength,  and  set  badly  with  mortar ; — those  from  the  interior  of  the  kiln,  usually  denomi- 
nated body,  hard,  or  cherry -brick,  are  of  the  best  quality ; — those  from  near  the  top  and  sides  are 
generally  under  burnt,  and  are  denominated  soft,  pale,  or  salmon-brick,  they  have  neither  sufficient 
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strength  nor  durability  for  heavy  masonry,  nor  the  outside  courses  of  walls  which  are  exposed  to  the 
weather. 

97.  The  bricks  in  general  use  are  distinguished — amongst  English  bricklayers — as  malms,  gray 
stocks,  red  stocks,  and  place  IricJcs.     The  variety  in  their  qualities  and  colours  is  caused  by  the  differ- 
ence in  the  nature  of  the  materials  of  which  they  are  formed,  and  the  care  and  attention  with  which 
they  have  been  manufactured  and  burnt. 

98.  Malms  or  malm  stocks,  are  of  two  sorts.     Those  of  the  first  quality  are  termed  cutters ;  and,  on 
account  of  the  facility  with  which  they  are  cut  or  rubbed  down,  are  used  for  forming  what  are  called 
gauged  arches,  over  doors  and  windows,  and  other  similar  purposes.     Those  of  an  inferior  quality 
are  denominated  seconds,  and  are  most  commonly  selected  for  facing  the  fronts  of  buildings.     Mr. 
Lees,  by  mixing  together  certain  proportions  of  chalk  and  loam,  discovered  that  a  good  substitute  for 
malm  stocks  might  be  produced  ;  and  his  practice  is  now  generally  adopted  in  the  vicinity  of  London. 

99.  The  next  in  quality  are  the  gray  stocks.     These  are  formed  of  good  earth,  well-wrought  with 
little  mixture  ;  and  when  thoroughly  burnt,  are  sound  and  durable. 

100.  Bed  stocks  are  the  common  sort  of  bricks  made  in  many  parts  of  the  country,  and  owe  their 
colour  principally  to  the  earth  of  which  they  are  composed,  though  partly  to  the  manner  in  which 
they  are  burnt.     The  difference  between  the  colour  of  the  bricks  commonly  made  in  the  vicinity 
of  London,  and  those  made  in  the  country  generally,  is  ascribed  in  a  great  degree  to  the  effect  pro- 
duced in  burning,  by  the  ashes  of  sea-coal  which  is  usually  mixed  with  the  brick  earth  in  preparing 
the  former.     Red  cutting  bricks  of  a  very  superior  quality  are  made  within  a  few  miles  of  London, 
particularly  at  the  village  of  Hedgerley,  near  Windsor.     They  make  excellent  fire-bricks  as  well  as 
cutters.     A  variety  of  facing  bricks  of  superior  quality  differing  somewhat  in  colour  are  brought  to 
London  from  different  parts  of  the  country,  more  particularly  from  Southampton,  Ipswich,  Ware,  and 
Rochford  in  Essex. 

101.  Place  bricks,  or  as  they  are  sometimes  termed,  sandel  or  samel  bricks,  are  those  which  are  left 
in  the  clamp  after  the  malms  and  stocks  have  been  selected  ;  and  consist  of  those  bricks  that  are  not 
uniformly  burnt.     They  are  consequently  of  a  very  inferior  quality,  and  should  never  be  used  either 
for  external  work,  or  where  any  weight  is  to  be  sustained. 

102.  There  is  likewise  another  sort  of  brick  called  burs  or  clinkers.     They  are  such  as  have  been 
over-burnt  and  partly  vitrified  ;  two  or  three  being  sometimes  run  together. 

103.  The  size  of  bricks  is  regulated  by  Act  of  Parliament  on  account  of  the  heavy  duty  that  is 
laid  on  them.     The  standard-size  of  bricks  made  for  sale  must,  when  burnt,  be  ten  inches  in  length, 
five  inches  in  width,  and  three  inches  in  thickness.     Bricks  may  indeed  be  made  of  any  size,  but  all 
above  the  standard-size  pay  a  higher  duty.     The  duty  when  first  levied  in  1784,  was  2s.  6d.  per 
1000  ;  it  is  now  5s.  lOd.     The  quantity  charged  with  duty  in  England  in  1839,  was  1,569,020,952  ; 
in  Scotland,  42,267,633.     Ireland  is  exempt  from  the  duty  on  bricks. 

104.  In  selecting  bricks,  care  should  be  taken  to  choose  those  that  when  struck  ring  well,  yielding 
a  metallic  sound,  and  such  as  will  bear  a  smart  blow  without  breaking.     They  should  likewise  be  of 
an  uniform  and  regular  shape,  and  not  readily  imbibe  water ;  as  those  that  are  most  porous  are  liable 
in  a  greater  degree  to  be  affected  by  frost,  and  will  in  a  few  years  probably  crumble  to  powder.    But 
the  quality  of  good  brick  may  be  improved  by  soaking  it  for  some  days  in  water,  and  re-burning  it. 
This  process  increases  both  the  strength  and  durability,  and  renders  the  brick  more  suitable  for 
hydraulic  constructions,  as  it  is  found  not  to  imbibe  water  so  readily  after  having  undergone  it. 

105.  Brick  presents  great  diversity  in  its  strength,  arising  principally  from  its  greater  or  less 
density  ;  the  densest  made  of  the  same  earth,  being  uniformly  the  strongest.     It  was  found  on  ex- 
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periment,  that  good  brick,  having  the  specific  gravity  of  2-168,  required  1,200  pounds  on  a  square 
inch  to  crush  it. 

106.  Fire-brick.] — This  material  is  used  for  the  facing  of  ovens,  furnaces,  fire-places,  &c.,  where  a 
very  high  degree  of  temperature  is  to  be  sustained.     It  is  composed  of  a  very  refractory  species  of  clay, 
that  will  remain  unimpaired  by  a  degree  of  heat  which  would  vitrify  and  completely  destroy  ordinary 
brick.     Bricks  of  this  description  are  made  in  England,  in  the  vicinity  of  Windsor  ;  at  Stourbridge, 
near  Cambridge  ;  in  some  of  the  iron  mining  counties  ;  and  in  Wales.    There  is  a  peculiar  large  sort 
of  fire-brick  of  excellent  quality  termed  Welch  lumps.  A  very  remarkable  brick  of  this  nature  has  been 
made  of  agaric  mineral ;  it  remains  unchanged  by  the  highest  temperature,  is  one  of  the  worst  con- 
ductors of  heat  known,  and  is  so  light  as  to  float  on  water. 

107.  There  are  several  sorts  of  bricks  known  by  the  name  of  paving  bricks.     Those  made  in  Eng- 
land are  formed  of  a  peculiar  sort  of  earth,  and  are  burnt  so  as  to  become  very  hard.      With  respect 
to  size,  they  are  similar  to  other  bricks,  excepting  as  to  thickness,  which  generally  does  not  exceed 
one  inch  and  a-half.      Considerable  quantities  of  this  sort  of  brick  are  imported  from   Holland 
and  Flanders.     They  are  very  hard,  and  of  a  dirty  brimstone  colour.     The  Flemish  bricks  are  more 
yellow  than  the  Dutch,  but  the  latter  are  usually  better  baked.     The  hardest  kind  of  all  are  termed 
clinkers,  and  are  chiefly  used  for  paving  yards,  stables,  &c.,  and  in  constructing  ovens,  lining  soap- 
boilers, cisterns,  &c. 

108.  Compass  bricks  are  circular  on  the  plan,  and  are  chiefly  used  for  steyning-wells  and  cess-pools. 
Concave  bricks  are  made  like  common  bricks,  but  are  hollowed  on  one  side  in  the  direction  of  the 
length,  and  are  sometimes  employed  in  the  construction  of  drains  and  water-courses.     There  is  like- 
wise a  species  of  hollow  brick  made  of  the  same  material  as  plain  tiles,  and  called  by  the  workmen 
cones  or  pots.     They  are  of  a  cylindrical  form,  but  have  one  end  brought  into  a  square  shape,  the 
other  being  filled  in  to  the  circular  form.     They  vary  from  five  to  nine  inches  in  length,  and  are  much 
used  for  turning  domes  and  arches,  especially  where  lightness  of  construction  is  requisite. 

109.  Tiles.] — As  a  roof  covering,  tiles  are,  in  many  cases,  superior  to  slate  and  metallic  coverings, 
both  for  strength  and  durability.     They  are,  therefore,  very  suitable  for  the  roofing  of  arches,  as 
their  great  weight  is  not  so  objectionable  as  in  the  case  of  common  roofs  of  frame-work.     Tiles  are 
made  of  the  best  potter's  clay  ;  and,  in  order  to  make  them  both  thin  and  strong,  are  moulded  with 
great  care  to  give  them  the  greatest  density.     They  are  of  very  variable  form  and  size,  the  worst 
being  the  flat  square  form,  which,  owing  to  the  warping  of  the  clay  in  burning,  seldom  makes  a  per- 
fectly water-tight  covering. 

110.  Plain  tiles  are  a  species  of  tiles  used  for  covering  roofs.     They  are  of  a  rectangular  form, 
and  perfectly  flat;  and  are  usually  about  ten  inches  long,  six  inches  broad,  and  five-eighths  of  an 
inch  thick. 

111.  Pan  tiles  have  a  rectangular  outline,  and  are  bent  so  that  the  surface  is  both  concave  and 
convex.     They  are  thirteen  inches  long,  eight  inches  broad,  and  half  an  inch  thick.     They  are  some- 
times glazed,  which  adds  greatly  to  their  value. 

112.  Ridge-tiles  and  Hip-tiles  are  of  a  semi-cylindric  form,  and  used — as  their  names  import — for 
covering  the  ridges  and  hips  of  roofs  ;  as  are  likewise  another  kind  denominated  gutter  tiles,  which 
are  however  but  seldom  used  now,  their  place  being  supplied  by  lead. 

113.  Paving  tiles  are  a  long  flat  kind  of  tile,  about  nine  inches  long,  four  inches  and  a-half  broad, 
and  one  inch  and  a-half  thick.     They  are  principally  in  use  for  the  floors  of  dairies,  cheese-stores, 
&c.    There  are  other  kinds  of  square  tiles  used  for  paving,  and  known  by  the  name  of  Ten-inch  tiles, 
or  Twelve-inch  tiles. 

H 
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Ill— WOOD. 

114.  This  material  holds  the  next  rank  to  stone,  owing  to  its  durability  and  strength,  and  the  very 
general  use  made  of  it  in  constructions.     To  suit  it  to  the  purposes  of  the  Builder,  the  tree  is 
felled  after  having  attained  its  mature  growth,  and  the  trunk,  the  larger  branches  that  spring  from 
the  trunk,  and  the  main  parts  of  the  root,  are  cut  into  suitable  dimensions  and  seasoned :  in  which 
state  the  term  timber  is  applied  to  it.     The  crooked  or  compass  timber  of  the  branches  and  roots,  is 
mostly  applied  to  the  purposes  of  ship-building,  for  the  knees  and  other  parts  of  the  frame-work  of 
vessels.     The  trunk  furnishes  all  the  straight  timber. 

115.  The  trunk  of  a  full  grown  tree  presents  three  distinct  parts :  the  bark,  which  forms  the  ex- 
terior coating, — the  sap-wood,  which  is  next  to  the  bark, — the  heart,  or  inner  part,  which  is  easily 
distinguishable  from  the  sap-wood  by  its  greater  firmness  and  darker  colour.     The  heart  forms  the 
essential  part  of  the  trunk  as  a  building-material.    The  sap-wood  possesses  but  little  strength,  and  is 
subject  to  rapid  decay,  owing  to  the  great  quantity  of  fermentable  matter  contained  in  it ;  and  the 
bark  is  not  only  without  strength,  but  if  suffered  to  remain  on  the  tree  after  it  is  felled,  it  hastens  the 
decay  of  the  sap-wood  and  heart.    Trees  should  not  be  felled  for  timber  until  they  have  attained  their 
mature  growth,  nor  after  they  exhibit  symptoms  of  decline  ;  otherwise  the  timber  will  be  less  strong, 
and  far  less  durable.     Most  forest-trees  arrive  at  maturity  in  between  fifty  and  one  hundred  years  ; 
and  commence  to  decline  after  one  hundred  and  fifty,  or  two  hundred  years.     The  age  of  the  tree 
can,  in  all  cases,  be  ascertained  by  cutting  into  the  centre  of  the  trunk,  and  counting  the  rings  or  lay- 
ers of  the  sap  and  heart,  as  a  new  ring  is  formed  each  year  in  the  process  of  vegetation.     When  the 
tree  commences  to  decline,  the  extremities  of  the  old  branches,  and  particularly  the  top,  exhibit  signs 
of  decay. 

116.  Trees  should  not  be  felled  whilst  the  sap  is  in  circulation;  for  this  substance  is  of  a  pecu- 
liarly fermentable  nature,  and,  therefore,  very  productive  of  destruction  to  the  wood.     The  proper 
seasons  for  felling  are,  in  winter,  during  the  months  of  December,  January,  and  February  ;  and,  in 
midsummer,  during  July.     All  other  seasons  are  bad ;  but  the  spring  is  peculiarly  so,  for  the  tree 
then  contains  the  greatest  quantity  of  sap.     As  the  sap-wood,  in  most  trees,  forms  a  large  portion  of 
the  trunk,  experiments  have  been  made  for  the  purpose  of  improving  its  strength  and  durability. 
These  experiments  have  been  mostly  directed  towards  the  manner  of  preparing  the  tree  before  felling 
it.     One  method  consists  in  girdling,  or  making  an  incision  with  an  axe  around  the  trunk  completely 
through  the  sap-wood,  and  suffering  the  tree  to  stand  in  this  state  until  it  is  dead  ;  the  other  consists 
in  barking,  or  stripping  the  entire  trunk  of  its  bark,  without  wounding  the  sap-wood,  early  in  the 
spring,  and  allowing  the  tree  to  stand  until  the  new  leaves  have  put  forth  and  fallen  before  it  is  felled. 
The  sap-wood  of  trees,  treated  by  both  these  methods,  was  found  very  much  improved  in  hardness, 
strength,  and  durability ;  the  results  from  girdling  were,  however,  inferior  to  those  from  barking. 

117.  The  seasoning  of  timber  is  of  the  greatest  importance,  not  only  to  its  durability,  but  to  the 
solidity  of  the  structure  for  which  it  may  be  used  ;  as  a  very  slight  shrinking  of  some  of  the  pieces, 
arising  from  the  seasoning  of  the  wood,  if  used  in  a  green  state,  might,  in  many  cases,  cause  material 
injury,  if  not  complete  destruction  to  the  structure.    Timber  is  considered  as  sufficiently  seasoned,  for 
the  purposes  of  frame-work,  when  it  has  lost  about  one-fifth  of  the  weight  which  it  has  in  a  green 
state.25     Several  methods  are  in  use  for  seasoning  timber ; — they  consist  either  in  an  exposure  to  the 
air  for  a  certain  period  in  a  sheltered  position,  which  is  termed  natural-seasoning  ;  in  immersion  iu 
water,  termed  water-seasoning  ;  or  in  boiling  or  steaming. 

25  Oak,  when  completely  seasoned,  has  been  found  to  have  lost  one-third  of  its  original  weight Barlow  '  On  the 

Strength  of  Timber.' 
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118.  For  natural  seasoning,  the  trunk,  so  soon  as  the  tree  is  felled,  should  be  deprived  of  its  bark, 
and  removed  to  some  dry  position  until  it  can  be  sawed  into  suitable  scantling.    It  should  then  be  piled 
in  a  perfectly  dry  situation,  and  be  exposed  to  a  free  circulation  of  the  air,  but  sheltered  from  the 
direct  action  of  the  wind,  rain,  and  sun.     By  using  these  precautions,  an  equable  evaporation  of  the 
moisture  will  take  place  over  the  entire  surface,  which  will  prevent  either  warping  or  splitting,  which 
necessarily  ensues  when  one  part  dries  more  rapidly  than  another.     It  is  farther  recommended,  in- 
stead of  piling  the  pieces  on  each  other  in  a  horizontal  position,  that  they  be  laid  on  cast-iron  sup- 
ports properly  prepared,  and  with  a  sufficient  inclination  to  facilitate  the  dripping  of  the  sap  from  one 
end ;  and  that  heavy  round  timber  be  bored  through  the  centre  to  expose  a  greater  surface  to  the  air, 
as  it  has  been  found  that  it  cracks  more  in  seasoning  than  square  timber.     Natural  seasoning  is  pre- 
ferable to  any  other,  as  timber  seasoned  in  this  way  is  both  stronger  and  more  durable  than  when  pro- 
pared  by  any  artificial  process.     Most  timber  will  require,  on  an  average,  about  two  years  to  become 
fully  seasoned  in  the  natural  way. 

119.  Water-seasoning  may  be  resorted  to  when  despatch  is  necessary ;  the  trunk  is  immersed  in  water 
about  a  fortnight,  and  then  taken  out  and  dried  in  a  sheltered  position  before  using  it.    The  sap-wood 
is  rendered  less  liable  to  decay  by  this  process,  as  a  large  proportion  of  the  fermentable  matter  is  dis- 
solved by  the  water  ;  but  the  general  strength  of  the  timber  is  impaired  by  this  loss.    Fresh  running 
water  is  considered  the  best  for  timber  which  is  to  be  used  in  the  frame-work  of  houses,  as  the  salt 
which  is  taken  up  by  timber,  immersed  in  salt-water,  keeps  it  always  in  a  moist  state,  by  attracting 
moisture  from  the  atmosphere. 

120.  Steaming  is  mostly  in  use  for  ship-building,  where  it  is  necessary  to  soften  the  fibres  for  the 
purpose  of  bending  large  pieces  of  timber.     It  impairs  the  strength  of  the  timber,  but  renders  it  less 
subject  to  decay,  and  to  warp  and  crack.     About  four  hours  is  said  to  be  sufficient  for  steaming  the 
largest  sized  pieces.26 

121.  When  timber  is  used  for  posts  partly  imbedded  in  the  ground,  it  is  usual  to  char  the  part 
thus  imbedded,  to  preserve  it  from  decay.    This  method  is  only  serviceable  when  the  timber  has  been 
previously  well-seasoned,  as  it  then  acts  as  a  preventative  both  of  worms  and  the  rot ;  but  for  green 
timber  it  is  highly  injurious,  as  by  closing  the  pores  it  prevents  the  evaporation  from  the  surface,  and 
thus  causes  fermentation  and  rapid  decay  within. 

122.  The  most  durable  timber  is  procured  from  trees  of  a  close  compact  texture,  which,  on  analy- 
sis, yields  the  largest  quantity  of  carbon.    And  those  which  grow  in  moist  and  shady  localities  furnish 
timber  which  is  weaker  and  less  durable  than  that  from  trees  growing  in  a  dry  open  exposure. 

123.  Timber  is  subject  to  defects,  arising  either  from  some  peculiarity  in  the  growth  of  the  tree,  or 
from  the  effects  of  the  weather.     Straight-grained  timber,  free  from  knots,  is  superior  in  strength 
and  quality,  as  a  building  material,  to  that  which  is  the  reverse. 

124.  The  action  of  high  winds  and  severe  frosts  injures  the  tree  whilst  standing :  the  former  sepa- 
rating the  layers  from  each  other,  forming  what  is  denominated  rolled  timber ;  the  latter  cracking 
the  timber  in  several  places,  from  the  surface  to  the  centre.     These  defects,  as  well  as  those  arising 
from  worms  or  ago,  are  easily  seen  by  examining  a  cross  section  of  the  trunk. 

125.  The  wet  and  dry  rot  are  the  most  serious  causes  of  the  decay  of  timber,  and  all  the  remedies 
thus  far  proposed  to  prevent  them  are  too  expensive  to  admit  of  a  very  general  application.     Both  of 
these  causes  have  the  same  origin, — fermentation,  and  consequent  putrefaction.     The  wet  rot  takes 
place  in  wood  exposed  alternately  to  moisture  and  dryness  :  and  the  dry  rot  is  occasioned  by  want  of 
a  free  circulation  of  air,  as  in  qonfined  warm  localities  like  cellars,  and  the  more  confined  parts  of  ves- 

">  The  rule  in  our  dork-yards  is  an  hour  to  every  inch  in  the  thickness.     The  delect  in  strength  is  very  inconsiderable. 
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sels.     Trees  of  rapid  growth,  which  contain  a  large  portion  of  sap-wood,  and  timber  of  every  descrip- 
tion, when  used  green,  where  there  is  a  want  of  a  free  circulation  of  air,  decay  very  rapidly  with  the  rot. 

126.  Of  the  various  remedies  proposed  to  prevent  the  rot,  the  application  of  salt  around  the  timber 
is  said  to  succeed  in  ship-building  ;  and  boiling  the  timber  for  some  hours  in  a  solution  of  copperas, 
or  in  one  of  corrosive  sublimate,27  is  said  to  answer  the  purpose  for  house-carpentry.    The  best  means 
is  to  use  only  well-seasoned  timber,  and  to  procure  a  free  circulation  of  fresh  air  around  it. 

127.  The  durability  of  timber  varies  greatly  under  different  circumstances  of  exposure.     If  placed 
in  a  sheltered  position,  and  exposed  to  a  free  circulation  of  fresh  air,  it  will  last  for  centuries  without 
any  very  sensible  changes  in  its  physical  properties  ;  and  the  same  is  known  to  take  place  when  it  is 
entirely  immersed  in  water,  or  imbedded  in  the  ground,  or  in  thick  walls,  so  as  not  to  be  affected  by 
the  atmosphere.     In  salt-water,  however,  particularly  in  warm  climates,  timber  is  rapidly  destroyed 
by  several  kinds  of  worms,  which  soon  reduce  it  to  a  honey- comb  state. 

128.  The  best-seasoned  timber  will  not  withstand  the  effects  of  exposure  to  the  weather  for  a  much 
greater  period  than  twenty-five  years,  unless  it  is  protected  by  a  coating  of  paint  or  pitch  ;  or  of  oil 
laid  on  hot  when  the  timber  is  partly  charred  over  a  light  blaze.     These  substances  themselves, 
being  of  a  perishable  nature,  require  to  be  renewed  from  time  to  time,  and  will,  therefore,  be  service- 
able only  in  situations  which  admit  of  their  renewal.     They  are,  moreover,  more  hurtful  than  service- 
able to  unseasoned  timber,  as  by  stopping  up  the  pores  of  the  exterior  surface,  they  prevent  the 
moisture  from  escaping  from  within,  and,  therefore,  promote  one  of  the  chief  causes  of  decay.28 

129.  Britain  produces  at  present  but  a  small  proportion  of  the  timber  employed  for  building  and 
other  purposes.    There  are  said  to  be  about  thirty  species  of  forest-trees  indigenous  to  Great  Britain, 
which  attain  the  height  of  30  feet.     But,  according  to  the  best  authorities,  there  are  no  less  than  140 
species  which  attain  a  similar  height,  indigenous  to  the  United  States.     We  are  supplied  principally 
from  the  Baltic,  from  Africa,  and  from  America. 

130.  Oak.] — Of  the  several  kinds  of  timber  applicable  for  building,  Oak  is  universally  allowed  to 
be  the  most  valuable,  it  being  the  strongest  and  likewise  the  most  durable.     It  is  very  lasting  in 
water,  and  in  a  dry  state  it  has  been  known  to  remain  uninjured  a  thousand  years. 

131.  Of  the  oak  it  is  said  there  are  nearly  fifty  different  species.      The  Quercus  robur,  or  common 
English  oak,  however,  far  excels  all  other  kinds  in  the  known  world.     That  from  Sussex  is  considered 
to  be  the  best  that  England  produces  ;  the  next  in  quality  is  that  which  is  grown  in  the  south-west 
parts  of  Kent,  and  the  north-east  parts  of  Hampshire.    Its  excellence,  which  consists  in  the  compact- 
ness and  closeness  of  its  pores,  is  supposed  to  be  owing  partly  to  the  soil,  and  partly  to  the  method  of 
management  adopted  as  respects  the  wood.    Excellent  oak  is  likewise  grown  in  some  parts  of  Scotland. 
The  open,  porous,  foxy-coloured  oak  which  is  grown  in  Lincolnshire,  and  some  other  parts  of  the 
country,  is  far  from  being  durable.     The  heart  of  such  oak  is  considered  to  be  scarcely  superior  to 
the  sap  of  the  better  kinds.     The  oak  from  the  north  of  Europe  is  generally  superior  in  quality  to 
that  brought  from  North  America  ;  but  the  American  live  oak,  as  it  is  called,  (Quercus  wrens,)  is 
greatly  superior  .to  that  usually  imported  under  the  name  of  white  oak.     A  species  of  oak  is  brought 
from  Norway,  denominated  clapboard.     Another  termed  Dutch  wainscot,  is  imported  from  Holland, 
though  it  is  grown  in  Germany  and  floated  down  the  Rhine.    Clapboard  is  distinguished  from  wainscot 
by  the  light-coloured  streaks  which  cross  it  in  various  directions.     Wainscot  is  softer  than  the  com- 
mon oak,  but  it  is  not  so  liable  to  warp  and  split;  in  this  respect  clapboard  is  far  inferior  to  wainscot. 

27  This  is  known  in  England  under  the  denomination  of  Kyatiized  timber.     Another  method  of  more  recent  invention 
consists  in  impregnating  the  timber  with  sulphate  of  iron  and  sulphate  of  lime.     The  process  renders  timber  as  hard  and 
nearly  as  heavy  as  stone ;  and  the  expense  is  only  about  8  prr  cent. 

28  For  various  means  of  preserving  timber,  see  Tredgold  '  On  the  Principles  of  Carpentry.' 
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132.  Oak  is  best  adapted  for  building-purposes  when  it  has  attained  its  full  growth,  which  it  rarely 
does  in  less  than  from  eighty  to  one  hundred  years  ;  but  that  under  its  maturity  is  rather  to  be  pre- 
ferred to  that  which  has  much  passed  it.     Oak  is  useful  for  most  purposes  of  the  Carpenter,  particu- 
larly in  situations  where  it  is  exposed  to  the  weather.     It  is  likewise  much  esteemed  for  wall-plates, 
sleepers,  ties,  templets,  king-posts,  and  indeed  for  all  purposes  where  its  warping  in  drying  and  its 
flexibility  do  not  render  it  objectionable.     For  general  purposes  those  pieces  should  be  chosen  that 
have  the  straightest  grain,  though  for  knees  and  similar  uses  a  curvilinear  direction  of  the  fibres  of 
the  timber  may  be  occasionally  desirable.     It  may  be  taken  as  a  general  rule,  that  of  two  pieces  of 
oak  equally  dry  and  of  equal  dimensions,  that  the  heavier  is  the  better  piece.     It  is  to  be  observed 
likewise,  that  in  the  oak,  as  in  all  other  trees,  the  wood  of  the  boughs  and  branches  is  weaker  by  far 
than  that  of  the  body  of  the  tree  ;  that  of  the  great  limbs  stronger  than  that  of  the  small  limbs  ;  and 
the  wood  from  the  heart  of  a  sound  tree  the  strongest  of  all. — The  weight  of  a  cubic  foot  of  dry  oak 
is  about  fifty  pounds. 

133.  Fir.~\ — The  species  of  Fir  that  are  principally  used  as  timber  for  building  are,  first,  the  Finns 
picea,  or  silver  fir  tree,  which  is  common  in  the  mountainous  parts  of  Scotland,  in  Switzerland,  iu 
Norway,  and  on  the  shores  of  the  Baltic.     Its  timber  is  of  a  yellow  colour 

134.  The  second  species  is  the  Pinus  abies,  or  spruce  fir,  which  produces  the  white  sort  of  timber. 
It  is  a  native  of  Norway  and  Denmark,  where  it  grows  spontaneously  ;  it  is  likewise  plentiful  in  the 
Highlands  of  Scotland. 

135.  The  third  species  is  the  Pinus  strobus,  commonly  known  as  the  American  pitch  pine.     This 
tree  grows  to  an  amazing  height.     It  is  a  white  sort  of  wood,  and  is  imported  into  this  country  chiefly 
from  Soutli  Carolina. 

136.  The  best  sorts  of  fir  that  are  imported — for  comparatively  but  little  of  our  own  growth  is  used 
— are  from  Norway,  Riga,  Memel  and  Dantzic.     An  inferior  sort,  which  is  imported  in  smaller  logs, 
is  called  Dranton  or  dram  timber.     Of  late  years,  a  considerable  quantity  of  fir  timber  has  been  im- 
ported into  this  country  from  North  America,  particularly  from  Canada,  and,  being  cheaper,  in  con- 
sequence of  the   import  duty  being  considerably  less  on  it  than   on  the  Baltic  timber,  it  has  been 
much  used  in  the  inferior  description  of  buildings,  especially  in  such  as  have  been  erected  on  specu- 
lation.    The  ordinary  sort  is,  however,  certainly  very  inferior  in  quality  to  the  Baltic  timber,  and  is 
said  to  be  much  more  liable  to  be  affected  with  the  dry  rot  than  that  is  ;  it  is  seldom,  therefore,  em- 
ployed in  buildings  of  a  superior  class  ;  never  indeed  in  the  form  of  timber,  though  occasionally  it  is 
introduced  in  some  parts  of  the  joiner's  work,  for  which,  from  the  facility  with  which  it  is  worked,  it  is 
peculiarly  applicable.29    Some  excellent  fir-wood  is  obtained  from  the  forest  of  Mar  in  Aberdeenshire. 

137.  Deals  are  the  wood  of  the  fir  tree  cut  up  into  certain  thicknesses  in  the  countries  from  whence 
they  are  imported.     The  deals  imported  into  England  are  principally  from  Christiana  and  other  parts 
of  Norway,  from  Dantzic,  and  from  St.  Petersburg.     They  are  usually  three  inches  in  thickness  and 
nine  inches  in  width  ;  when  wider  they  are  termed  planks.     Deals  vary  in  length  from  eight  feet  to 
upwards  of  twenty  feet,  but  in  purchasing  them  they  are  usually  calculated  at  twelve  feet ;  120  twelve- 
feet  deals,  nine  inches  wide,  making  what  is  called  a  hundred.     They  are  denominated  white  or  yel- 
low, from  the  species  of  timber  out  of  which  they  are  formed. 

138.  The  greatest  care  should  be  taken  that  deals  are  properly  seasoned  before  they  are  used  in  a 

29  By  the  new  tariff  of  1842,  the  duty  on  colonial,  that  is,  North  American  timber  is  reduced  to  Is.  the  load;  and  (o 
2s.  on  deals,  and  6d.  on  lath-wood.  The  duty  on  foreign  timber  is  30s.  the  load;  until  October  10,  1843,  when  it  is  to  be 
reduced  to  25s.  On  foreign  deals  the  duty  is  3os.,  but  will  be  reduced  to  30s.  after  that  date.  The  duty  on  foreign 
lath-wood  is  10s.  the  load.  Between  1829  and  1833,  the  average  quantity  of  colonial  timber  imported  in>to  Great  Britain 
was  412,682  loads;  of  foreign  or  Baltic,  122,783  loads. 
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building,  as  the  work  will  otherwise  shrink  and  fly.  In  order  to  season  deals,  they  should  be  piled  iu 
stacks  so  as  to  allow  as  free  a  circulation  of  air  around  them  as  possible.  Yellow  deals  are  the  most 
proper  to  be  used  in  external  works,  as  they  stand  the  weather  better  than  white  deals,  which  from 
being  softer,  and  consequently  more  easily  wrought,  are  more  proper  to  be  employed  in  internal  fit- 
tings and  finishings. 

139.  Fir  wood  is  peculiarly  applicable  for  joiners'  work,  both  from  the  facility  with  which  it  is 
wrought,  its  lightness,  and  the  readiness  with  which  it  takes  the  glue  ;  but  as  it  is  easily  compressed 
by  a  force  acting  at  right  angles  to  its  fibres,  wherever  compression  of  that  kind  is  likely  to  arise,  oak, 
or  one  of  the  hard  woods,  should  be  employed  in  preference  to  deal :  it  will,  however,  it  is  said,  bear 
a  weight  in  the  direction  of  its  fibres  better  than  oak.     The  darker  part  of  the  annual  ring  is  the 
hardest ;  dry  wood  is  harder  than  green,  consequently  more  difficult  to  work. — The  weight  of  a  cubic 
foot  of  dry  Fir  is  from  twenty-five  to  thirty  pounds. 

140.  Of  the  Beech,  the  wood  of  different  trees  varies  considerably  in  its  quality,  caused  doubtless  by 
the  difference  of  soil  and  situation  in  which  it  is  grown.     The  colour  of  beech  is  a  whitish  brown,  of 
different  shades ;  the  darker  kind  is  called  brown,  and  sometimes  black  beech.    The  lighter,  which  is 
much  the  harder  of  the  two,  is  called  white  beech  :  the  black  beech  is,  however,  the  toughest,  and  is 
said  to  be  the  most  durable  of  the  two.    Beech  is  not  very  difficult  to  work,  and  may  be  brought  to  a 
very  smooth  surface.     It  is  grown  in  considerable  quantities  in  the  southern  parts  of  Buckingham- 
shire and  in  Sussex.     It  decays  rapidly  when  used  in  damp  situations,  and  is  liable  to  be  affected  by 
worms  whether  in  a  dry  or  damp  state  :  it  is,  however,  durable  when  constantly  immersed  in  water, 
and  is  consequently  useful  for  piles,  in  situations  where  it  is  kept  constantly  wet.     It  is  likewise 
adapted  for  making  various  tools,  and  for  furniture  of  an  ordinary  description. — The  weight  of  a  cubic 
foot  of  beech  when  dry  varies  from  forty -three  to  fifty-three  pounds. 

141.  The   Chestnut  (CWanea  sativa)  which  is  indigenous  in  this  country,  is  amongst  the  most 
valuable  species  of  trees  for  building  ;  for  which  purpose  it  was  formerly  much  used,  though  latterly 
its  cultivation  has  been  rather  neglected.     In  substance,  quality,  and  colour,  it  so  much  resembles 
oak,  that  it  is  difficult  to  distinguish  the  one  from  the  other.     It  is  said,  however,  that  a  certain 
opinion  may  be  formed  from  observing  whether  a  black  substance  is  formed  round  the  part  into  which 
a  nail  is  driven :  this  is  always  the  case  with  oak,  but  the  same  effect  is  not  produced  in  chestnut, 
Chestnut  does  not  shrink  or  swell  so  much  as  other  woods,  it  is  easier  to  work  than  British  oak,  and 
is  likewise  tougher.    The  wood  of  young  trees  is  found  to  be  superior  even  to  oak  in  durability .^The 
weight  of  a  cubic  foot  of  dry  Chestnut  is  from  thirty-five  to  forty  pounds. 

142.  Of  the  Elm  there  are  several  species.     The  common  rough  leaved  Elm  (Ulmus  campestris)  is 
very  generally  met  with  in  scattered  woods  and  hedges  in  the  southern  parts  of  England ;  it  is  harder 
and  more  durable  than  the  other  species,  and  as  it  resists  moisture  particularly  well,  it  is  commonly 
used  for  coffins.     Elm  is  much  esteemed  on  account  of  its  durability  in  situations  where  it  is  kept 
constantly  wet,  and  is  therefore  frequently  used  for  piles  and  planking  in  wet  foundations,  and  for 
pipes,  pumps,  and  other  kinds  of  water  works ;  it  is  likewise  much  used  for  dressers,  chopping-blocks, 
and  other  domestic  purposes.     The  colour  of  the  heart-wood  of  elm  is  generally  darker  than  that  of 
oak,  and  of  a  redder  brown  ;  the  sap-wood  is  of  a  yellowish,  or  brownish  white,  with  pores  inclining 
to  red.     Elm  is  in  general  porous  and  cross-grained,  and  frequently  it  is  very  coarse  grained.     It 
twists  and  warps  much  in  drying,  and  shrinks   considerably  both  in  length  and  breadth.      It  is 
difficult  to  work,  but  it  is  not  liable  to  split,  and  bears  the  driving  of  bolts  and  nails  better  than  any 
other  species  of  timber. — The  weight  of  a  cubic  foot  of  dry  elm  is  from  thirty-four  to  thirty-seven 
pounds  ;  of  seasoned,  from  thirty-six  to  fifty  pounds. 

143.  MuJiogany  is  a  wood  too  generally  known  to  require  particular  description  here.    It  is  a  native 


SECT.  II.]  PRINCIPLES  OF  PRACTICAL,  ARCHITECTURE.  63 

of  the  warmest  parts  of  America,  is  found  in  the  islands  of  Cuba,  Jamaica,  and  Hispaniola,  and  like- 
wise in  the  Bahama  islands.  The  Jamaica  mahogany  is  much  harder  and  more  durable  than  the 
Honduras  or  American,  and  may  be  easily  distinguished  by  its  pores  having  a  white  appearance  as 
if  filled  with  chalk,  whilst  the  pores  of  the  latter  appear  quite  dark.  The  Hispauiola — or  as  it  is 
generally  termed,  Spanish  mahogany — is  extremely  hard,  and  twists  or  warps  less  than  any  other 
kind  of  wood  ;  it  takes  a  fine  polish,  and  is  admirably  adapted  for  superior  kinds  of  finishings,  such 
as  doors,  window-shutters,  sashes,  and  handrails  of  staircases  ;  it  is  likewise  much  used  for  various 
descriptions  of  furniture.  In  Jamaica  it  has  been  frequently  used  for  joists,  floors,  rafters,  shingles, 
&c.  Ships  have  likewise  been  built  of  mahogany,  for  which  purpose  it  appears  to  be  well-adapted, 
inasmuch  as  it  is  found  that  shot  will  bury  itself  in  this  wood  without  causing  it  to  splinter.  The 
finest  kinds  of  the  Spanish  wood  are  extremely  valuable  for  cabinet-work,  and  for  the  purpose  of  being 
cut  into  veneers. — A  cubic  foot  of  Jamaica  mahogany  weighs  about  fifty-four  pounds.  A  cubic  foot 
of  Honduras  mahogany  rarely  weighs  more  than  about  thirty-eight  pounds. 

144.  The  Alder  tree  is  a  native  of  Europe  and  Asia,  and  grows  in  wet  grounds,  and  on  the  banks 
of  rivers.    Its  wood  is  extremely  durable  in  water,  or  in  damp  ground.    Vitruvius  has  remarked  that,  in 
a  wet  state,  alder  will  sustain  the  weight  of  very  heavy  piles  of  building  without  risk  of  accident ;  and 
that  the  whole  of  the  buildings  at  Ravenna,  which  is  situated  in  a  marsh,  were  founded  upon  piles  of 
this  wood.     Evelyn  says  he  found  piles  of  alder  were  used  under  the  Rialto  at  Venice,  which  was 
built  in  1591.    From  the  durability  of  alder  in  water,  it  is  much  esteemed  for  piles,  planking,  sluices, 
pumps,  and  in  general  for  any  purpose  where  it  is  kept  constantly  wet.     It  soon  rots,  however,  when 
exposed  to  the  weather,  and  in  a  dry  state  is  very  subject  to  worms.     It  is  much  used  for  turners1' 
wares,  and  other  light  purposes.     The  alder  is  of  a  reddish  yellow  colour  of  different  shades,  and  its 
texture  is  very  uniform.    It  is  soft  and  works  easily,  and  is  well-adapted  for  carving,  and  for  making 
models  for  casting  from. — The  weight  of  a  cubic  foot  of  alder  in  a  dry  state  is  from  thirty-four  to 
fifty  pounds. 

145.  Of  the  Plane  tree  there  are  several  species  ;  the  most  common  are  the  Oriental  and  the  Occi- 
dental plane.     The  Oriental  plane  is  a  native  of  the  Levant,  and  is  considered  one  of  the  finest  of  trees- 
Its  wood  is  much  like  beech,  but  more  figured,  and  is  used  for  furniture  as  well  as  for  different  kinds 
of  joiners'  work.     The  Occidental  plane  is  a  native  of  North  America.     On  the  banks  of  the  Ohio 
and  Mississippi  it  is  said  to  attain  to  an  enormous  size,  sometimes  exceeding  twelve  feet  in  diameter- 
The  wood  of  the  Occidental  plane  is  harder  than  that  of  the  Oriental  kind  ;  it  is  very  durable  in 
water,  and  is  therefore  used  by  the  Americans  for  wooden  quays,  in  preference  to  any  other  descrip- 
tion of  wood.     The  colour  of  the  wood  of  the  plane  is  nearly  the  same  as  that  of  beech,  which  it 
likewise  closely  resembles  in  its  structure.     It  works  easily  and  stands  well. — A  cubic  foot  when  dry 
weighs  from  forty  to^orty-six  pounds. 

146.  The  Sycamore,  or  great  maple  (Acer  pseudo-platinus}  is  a  native  of  the  mountains  of  Ger- 
many, and  is  very  common  in  Great  Britain.     In  the  north  of  England  it  is  generally  called  the 
plane  tree.     The  wood  is  very  durable  in  a  dry  state,  when  it  can  be  protected  from  worms,  by  which 
it  is  as  liable  to  be  affected  as  the  beech.     The  colour  of  the  sycamore  is  generally  of  a  brownish 
white,  sometimes  of  a  yellowish  white  ;  in  young  wood  it  approaches  very  nearly  to  white,  with  a 
silky  lustre.     The  wood  is  sometimes  beautifully  curled.     It  is  generally  easy  to  work,  being  some- 
what softer  than  beech. — A  cubic  foot  of  sycamore,  when  dry,  varies  in  weight  from  thirty-four  to 
forty-two  pounds. 

147.  The  Ash  is  a  tree  that  grows  in  most  parts  of  Britain  ;  it  is  not  however  much  employed  in 
building,  being  in  its  nature  too  flexible  and  difficult  to  work.     But  it  is  much  used  by  millwrights  and 
wheelwrights,  and  for  making  implements  of  husbandry,  as  it  is  very  elastic  and  tough,  and  generally 
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of  a  straight  and  even  gram,  well-calculated  to  sustain  sudden  shocks.  The  timber  varies  consider- 
ably in  quality,  according  to  the  soil  and  situation  in  -which  it  is  grown.  It  is  said  that  if  ash  is 
felled  when  full  of  sap,  it  is  very  liable  to  be  affected  by  the  worm  ;  it  soon  rots  when  exposed  to 
damp,  or  to  alternate  dryness  and  moisture,  but  in  dry  situations  it  is  very  durable.  The  colour  of 
the  wood  of  old  trees  is  oak-brown,  with  a  more  veined  appearance,  the  veins  being  darker  than  hi 
oak  ;  the  wood  is  sometimes  very  beautifully  figured ;  the  wood  of  young  trees  is  a  brownish  white 
with  a  shade  of  green  ;  the  young  wood  is  by  much  the  more  valuable. — A  cubic  foot  of  ash  weighs 
fifty  pounds. 

148.  Walnut  is  of  several  sorts.  The  walnut-tree  was  formerly  much  cultivated  in  England,  as  well  for 
its  timber  as  its  fruit ;  but  since  the  importation  of  mahogany  has  increased  so  greatly,  the  cultivation 
of  the  walnut  tree  has  been  less  attended  to.     It  is  now  used  chiefly  for  cabinet-work,  for  which  pur- 
pose it  is  much  esteemed  ;  it  is  likewise  used  for  gunstocks,  &c.    It  is  less  liable  to  be  affected  by 
worms  than  any  other  timber  excepting  cedar :  but  from  its  brittle  and  cross-grained  texture  is  not 
well-adapted  for  the  main  timbers  of  a  building,  though  formerly  it  was  much  used  for  floors,  roofs, 
&c. — The  weight  of  a  cubic  foot  of  walnut-tree,  in  a  dry  state,  varies  from  forty  to  forty-eight  pounds. 

149.  The  tree  from  which  the  Teak  wood  or  Indian  oak  is  produced,  is  a  native  of  the  mountain- 
ous parts  of  the  Malabar  and  Coromandel  coasts,  as  well  as  of  Java,  Ceylon,  and  other  parts  of  the 
East  Indies.     The  teak  tree  is  of  rapid  growth  ;  the  trunk  grows  erect  to  a  vast  height.     The  wood 
is  light,  easily  worked,  and  though  porous  it  is  strong  and  durable  ;  it  requires  but  little  seasoning, 
and  shrinks  very  little.     Malabar  teak  is  esteemed  superior  to  any  other  in  India.     From  some  ex- 
periments that  have  been  made,  it  would  appear  that  it  is  superior  in  strength  and  stiffness  to  oak, 
though  not  quite  equal  to  it  in  toughness. — The  weight  of  a  cubic  foot  of  teak,  when  dry,  varies  from 
forty-one  to  fifty-three  pounds. 

150.  The  common  Acacia,  or  locust-tree,  is  a  native  of  the  mountains  of  America,  from  Canada 
to  Carolina.     It  is  a  tree  of  quick  growth,  and  attains  a  considerable  size.     The  wood  is  much  val- 
ued for  its  durability  ;  it  is  adapted  for  all  those  purposes  for  which  oak  is  applicable,  and  is  an  ex- 
cellent material  for  posts,  stakes,  and  pales.     It  requires  about  as  much  labour  to  work  it  as  ash  does. 
— When  seasoned,  a  cubic  foot  of  it  weighs  from  forty-nine  to  fifty-six  pounds. 

151.  Of  the  Poplar  tree  there  are  five  species  common  in  England.     The  common  white  pop- 
lar ;  the  black  poplar;  the  aspen,  or  trembling  poplar  ;  the  abele,  or  great  white  poplar;  and  the 
Lombardy  poplar.     The  wood  of  most  of  these  species  makes  very  good  flooring  for  bed-rooms,  and 
places  where  there  is  not  much  wear  :  it  is  sufficiently  strong  for  sustaining  light  weights,  but  is  not 
fit  for  large  timbers.     This  wood  does  not  inflame  readily,  but  rather  moulders  away  than  maintains 
any  solid  heat;  it  is  likewise  recommended  for  farm-buildings,  cheese-rooms,  &c.,  because  neither 
mice  nor  mites  will  attack  it. — The  weight  of  a  cubic  foot  of  the  several  species,  when  dry,  is  as 
follows :    common  white  poplar   thirty-three  pounds ;    aspen  and  black  poplar  twenty-six  pounds ; 
abele  thirty-two  pounds  ;  Lombardy  poplar  twenty-four  pounds. 

152.  Of  the  Larch  tree  there  are  three  species  :  one  European  and  two  American.    The  European 
larch  is  a  native  of  the  Alps,  of  Switerland,  Italy,  Germany,  and  Siberia.  It  has  been  introduced,  within 
the  last  sixty  years,  into  Great  Britain  with  much  success,  especially  on  the  estates  of  the  Duke  of  Athole 
in  Perthshire.     It  is  extremely  durable  in  all  situations,  failing  only  where  any  other  kind  of  wood 
would  fail.    It  is  not  liable  to  be  attacked  by  worms,  nor  does  it  inflame  readily.    For  these  valuable 
properties,  larch  has  been  celebrated  from  the  time  of  Vitruvius,  who  regrets  that  it  could  not  be  easily 
transported  to  Rome,  where  such  a  species  of  timber  would  have  been  so  valuable.    Scamozzi  likewise 
extols  the  larch  for  every  purpose  of  building,  and  its  value  has  been  fully  proved  when  grown  in  pro- 
per soils  and  situations  in  Great  Britain.     In  countries  where  larch  abounds  it  is  frequently  used  to 
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cover  buildings.  In  two  or  three  years  it  becomes  covered  with  resin,  and  as  black  as  charcoal ;  this 
resin  forms  a  kind  of  impenetrable  varnish  which  effectually  resists  the  weather.  It  is  peculiarly- 
adapted  for  flooring-boards  in  situations  where  there  is  much  wear,  and  for  staircases  ;  when  rubbed 
with  oil,  its  colour  is  superior  to  that  of  the  black  oak  staircases  to  be  seen  in  some  old  mansions.  It  is 
likewise  well-adapted  for  doors,  shutters,  and  other  finishings  of  the  like  description :  when  varnished 
it  is  of  a  beautiful  colour,  so  that  painting  is  not  necessary.  It  is  more  difficult  to  work  than  Riga, 
or  Memel  timber,  but  the  surface  is  better  when  once  obtained.  When  perfectly  dry  it  stands  well, 
but  it  warps  much  in  seasoning.  The  wood  of  the  European  larch  is  generally  of  a  honey-yellow 
colour :  the  hard  part  of  the  annual  rings  of  a  redder  cast ;  sometimes  of  a  brownish  white. — The 
weight  of  a  cubic  foot,  when  dry,  varies  from  twenty -nine  to  forty  pounds. 

153.  The  Cedar,  or  Pinus  cedrus  of  botanists,  is  a  native  of  Mount  Libanus,  whence  it  has  its  name. 
The  finest  cedars  in  the  time  of  Vitruvius  grew  in  the  Isle  of  Crete,  the  modern  Candia,  in  Africa, 
and  some  parts  of  Syria.     The  wood  is  said  to  be  very  durable.     Pliny  states  that  in  the  temple  of 
Apollo  at  Utica,  cedar  was  found  1,200  years  old.     According  to  Vitruvius  the  statue  of  Diana,  in 
the  famous  temple  at  Ephesus,  was  of  cedar,  as  well  as  the  timber-work  of  the  floor  and  of  the  ceil- 
ing of  that  edifice  ;  and  he  adds  that  the  timber-work  of  the  most  celebrated  temples  of  antiquity  was 
in  general  executed  in  cedar,  on  account  of  its  extreme  durability.    The  cedar  is  a  resinous  wood,  has 
a  powerful  odour,  with  a  slightly  bitter  taste,  and  is  not  subject  to  the  worm.     It  is  straight  grained 
and  is  easily  worked,  but  readily  splits. — The  weight  of  a  cubic  foot  of  seasoned  cedar  is  from  thirty 
and  a-lialf  to  thirty-eight  pounds. 

154.  Strength  of  Timber.] — From  a  variety  of  experiments  made  to  ascertain  the  strength  of  differ- 
ent kinds  of  wood,  it  appears  that  there  is  but  little  difference  in  the  strength  of  those  varieties  which 
are  in  most  common  use  as  building-materials.     The  resistance  which  timber  of  oak  or  pine  offers  to 
a  force  of  extension,  acting  parallel  to  the  direction  of  the  fibres,  is  very  nearly  the  same  in  each  ; 
and  on  average,  may  be  stated,  according  to  the  results  of  experiments,  at  10,000  pounds  on  the 
square  inch  before  rupture  ensues.     The  resistance  to  rupture  by  compression  is  about  one-half  the 
resistance  to  rupture  by  a  force  of  extension  ;  and  may  be  taken,  on  an  average  for  the  two  kinds  of 
timber,  at  4,000  pounds  on  the  square  inch.     In  practice,  timber  should  not  be  exposed  to  a  perma- 
nent strain  greater  than  one-fifth  of  that  which  will  cause  rupture,  when  the  force  acts  parallel  to  the 
direction  of  the  fibres.     To  ascertain  the  limits  of  the  resistance  to  a  force  acting  in  a  perpendicular 
direction  to  the  fibres,  it  will  be  necessary  to  examine  the  analytical  expressions  given  by  writers  on 
the  strength  of  materials  ;  and  as  these  expressions  are  equally  applicable  to  all  materials,  they  are 
given,  with  their  applications,  in  our  Appendix,  Article  F. 

IV— IRON. 

155.  Cast-iron.] — Within  these  few  years,  in  consequence  of  the  improvements  that  have  been  made 
in  the  manufacture  of  cast-iron,  that  material  has  been  much  used  in  the  construction  of  the  floors  and 
roofs  of  buildings  as  well  as  in  bridges.     The  safety  iron  affords  against  fire,  and  the  circumstance  of 
its  not  being  subject,  like  timber,  to  sudden  or  rapid  decay,  render  it,  when  judiciously  employed,  a 
most  valuable  material  to  the  Builder,  as  well  as  to  the  Machinist  and  Engineer.     A  certain  degree 
of  prejudice  has  however  hitherto  been  entertained,  both  by  Architects  and  Builders,  against  an  ex- 
tensive use  of  cast-iron  in  the  construction  of  buildings,  from  the  circumstance  of  failures  having  in 
some  instances  occurred  where  it  has  been  employed.     It  may  be  observed,  however,  that  these  fail- 
ures have  seldom  if  ever  arisen  from  any  defect  in  the  material  itself ;  but  rather  from  injudicious 
attempts  at  extreme  lightness  of  construction   or  from  an  over-strained  and  ill-judged  economy. 

I 
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Numerous  examples  might  be  adduced  of  buildings — particularly  in  the  warehouses  and  manufac- 
tories which  have  been  of  late  years  constructed  in  the  manufacturing  districts  both  of  England  and 
Scotland — wherein  a  judicious  application  of  cast-iron,  both  in  the  floors  and  roofs,  has  been  attended 
with  the  most  satisfactory  results. 

156.  There  are  several  different  modes  of  employing  cast-iron  in  the  construction  of  floors.    Some- 
times it  is  applied  partially,  in  conjunction  with  wood  ;  the  girders,  or  principal  beams  only  being  of 
cast-iron,  in  which  case  they  are  formed  with  proper  sockets  to  receive  the  ends  of  the  timber-joists.    In 
other  instances  both  the  girders  and  binding-joists  are  of  iron,  the  bridging  and  ceiling-joists  being 
of  wood.     Occasionally  the  floor  is  formed  by  means  of  cast-iron  beams,  between  which  arches  are 
turned,  extending  from  beam  to  beam,  and  formed  either  with  common  bricks,  paving  bricks,  or  with 
the  hollow  cones  already  described.     When  the  arches  are  turned  with  bricks,  they  are  capable  of 
sustaining  either  stone  paving,  a  plaster  floor,  or  slight  joists  and  a  wood  floor.    In  some  cases  the  brick 
arches  are  altogether  dispensed  with,  and  the  floor  is  formed  of  thick  Yorkshire  landings  laid  on  the 
iron  beams,  both  faces  of  which  being  rubbed,  they  answer  for  the  floor,  and  likewise  for  the  ceiling  of 
the  apartment  beneath. 

157.  Another  advantageous  application  of  cast-iron,  and  which  appears  to  be  daily  increasing,  is 
in  lieu  of  timber  bressummers  and  story  posts,  for  supporting  the  fronts  of  houses  wherein  shops  and 
large  show-windows  are  required  on  the  ground-floor.    For  this  purpose  beams  of  cast-iron  are  now  fre- 
quently employed ;  but  a  still  preferable  method  is  that  of  a  framed  cradle  of  wrought-iron,  supported, 
if  necessary,  by  cast-iron  pillars.    This  method  of  construction  adds  much  to  the  stability  and  security 
of  the  building ;  and  in  the  event  of  fire,  the  injury  sustained  therefrom  is  much  diminished ;  indeed, 
the  advantage  is  so  apparent  that  it  is  matter  of  surprise  that,  in  any  moderately  well-built  houses, 
the  old  plan  of  a  timber  bressummer  and  story  posts  should  be  adhered  to.     The  chief  objection  to 
the  use  of  cast-iron  beams  in  such  situations  is,  that  in  the  event  of  fire  and  the  beam  becoming  heated, 
it  would  be  liable  to  crack,  especially  if  subjected  to  the  action  of  a  stream  of  cold  water. 

158.  In  using  cast-iron,  attention  must  however  be  given  to  proportion  the  scantlings  of  the  beams  to 
the  weight  they  are  required  to  sustain,  in  the  same  manner  as  is  necessary  when  timber  is  employed ; 
for  it  is  a  very  erroneous  notion  that  some  inexperienced  persons  entertain,  that  a  large  piece  of  iron 
is  of  indefinite  and  almost  infinite  strength.     It  is  likewise  to  be  observed  that  a  beam  of  uniform 
thickness  is '  not  equally  strained  in  every  part,  it  may  therefore  be  reduced  in  size,  so  as  to  lessen 
the  strain,  and  at  the  same  time  the  expense  of  the  material. 

159.  The  following  rules,  necessary  to  bo  observed  in  using  cast-iron  in  buildings,  are  given  in  the 
late  Mr.  Tredgold's  '  Practical  Essay  on  the  Strength  of  Cast-Iron.' 

In  determining  the  scantlings  of  cast-iron  beams,  they  should  always  be  such  that  the  beam  will  be  capable  of  sustain- 
ing, if  equally  diffused  over  its  entire  surface,  six  times  the  weight  that  would,  if  applied  in  the  centre  of  the  beam,  be 
sufficient  to  break  it,  and  in  calculating  the  weight  of  the  load  to  be  supported,  the  weight  of  the  beam  itself  must  always 
be  included. 

To  find  the  weight  of  a  beam  of  cast-iron,  multiply  the  area  of  the  section  in  inches,  by  the  length  in  feet  and  by  3'2, 
which  will  give  the  weight  in  pounds. 

If  the  weight  a  cast-iron  bar  will  support  be  multiplied  by  1-12  the  product  will  be  the  weight  a  wrought-iron  bar  of 
the  same  size  will  support :  the  flexure  of  the  wrought-iron  bar  will  be  found  by  multiplying  the  flexure  of  the  cast-iron 
one  by  0-86. 

If  the  depth  of  a  cast-iron  bar  be  multiplied  by  0'937,  the  product  will  be  the  depth  of  a  square  bar  of  wrought-iron  of 
equal  stiffness. 

If  the  depth  of  a  cast-iron  beam  be  multiplied  by  1'83,  the  product  will  be  the  depth  of  a  square  beam  of  oak  of  equal 
stiffness,  and  if  by  1-71,  the  product  will  be  the  depth  of  a  beam  of  yellow  fir  of  equal  stiffness. 

The  strength  of  good  oak  is  one-fourth  of  the  strength  of  cast-iron,  therefore  an  oak  beam  will  bear  one-fourth  of  the 
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load  of  a  cast-iron  one  of  the  same  size  :  the  flexure  of  the  oak  beam  will  be  found  by  multiplying  the  flexure  of  the  cast- 
iron  one  by  2'8. 

To  find  the  weight  a  beam  of  yellow  fir  will  bear,  multiply  the  weight  a  cast-iron  one  of  the  same  size  will  sustain  by 
0-3,  and  to  find  its  flexure  multiply  the  flexure  of  a  cast-iron  one  by  2-6. 

160.  When  cast-iron  is  employed  in  buildings,  the  utmost  care  should  be  taken  to  render  the  iron 
in  each  casting  of  a  uniform  quality,  because  in  iron  of  different  qualities  the  shrinkage  varies  con- 
siderably, by  which  an  unequal  tension  is  caused  amongst  the  parts  of  the  metal  which  impairs  its 
strength,  and  renders  it  liable  to  sudden  and  unexpected  failure.     To  ensure  the  attainment  of  this 
most  desirable  object,  it  is  necessary,  especially  in  the  lighter  description  of  castings,  that  they  should 
be  formed  from  the  second  fusion  of  the  metal,  and  not  from  the  blast-furnace,  as  is  frequently  done 
with  the  heavier  kind  of  work.    When  the  texture  is  not  uniform,  the  surface  of  the  casting  is  usually 
uneven  where  it  ought  to  have  been  even.     This  unevenness,  or  the  irregular  swellings  and  hollows 
on  the  surface  of  a  casting,  may  however  arise  either  from  the  unequal  shrinkage  of  the  metal  in 
cooling,  or  from  the  defective  manner  in  which  the  moulding  has  been  performed. 

161.  Cast-iron  is  divided  into  two  principal  varieties:  the  gray  cast-iron,  and  white  cast-iron.    There 
exists  a  very  marked  difference  between  the  properties  of  these  two  varieties.    There  are  besides  many 
intermediate  varieties,  which  partake  more  or  less  of  the  properties  of  these  two,  as  they  approach,  in 
their  external  appearances,  nearer  to  the  one  or  the  other. 

162.  Gray  cast-iron,  when  of  a  good  quality,  is  slightly  malleable  in  a  cold  state,  and  will  yield 
readily  to  the  action  of  the  file,  when  the  hard  outside  coating  is  removed.     This  variety  is  also 
sometimes  termed  soft  gray  cast-iron ;  it  is  softer  and  tougher  than  the  white  iron,  and  when  broken, 
the  surface  of  the  fracture  presents  a  granular  structure  ;  the  colour  is  gray,  and  the  lustre  is  what 
is  termed  metallic,  resembling  small  brilliant  particles  of  lead  strewed  over  the  surface.    White  cast- 
iron  is  very  hard  and  brittle  ;  when  recently  broken,  the  surface  of  the  fracture  presents  a  distinctly 
marked  crystalline  structure,  the  colour  is  white,  and  lustre  vitreous,  or  bearing  a  resemblance  to  the 
reflected  light  from  an  aggregation  of  small  crystals.    The  gray  iron  is  most  suitable  where  strength 
is  required,  and  the  white  where  hardness  is  the  principal  requisite. 

163.  The  colour  and  lustre  presented  by  the  surface  of  a  recent  fracture,  are  the  best  indications 
of  the  quality  of  iron.     A  uniform  dark-gray  colour,  and  high  metallic  lustre,  are  indications  of  the 
best  and  strongest.     With  the  same  colour,  but  less  lustre,  the  iron  will  be  found  to  be  softer  and 
weaker,  and  to  crumble  readily.     Iron  without  lustre,  of  a  dark  and  mottled  colour,  is  the  softest 
and  weakest  of  the  gray  varieties.     Iron  of  a  light  gray  colour,  and  high  metallic  lustre,  is  usually 
very  hard  and  tenacious.     As  the  colour  approaches  to  white,  and  the  metallic  lustre  changes  to 
vitreous,  hardness  and  brittleness  become  more  marked,  until  the  extremes  of  a  dull  or  grayish 
white  colour,  and  a  very  high  vitreous  lustre  are  attained,  which  are  the  indications  of  the  hardest 
and  most  brittle  of  the  white  variety.    The  quality  of  cast-iron  may  also  be  tested  by  striking  a  smart 
stroke  with  a  hammer  on  the  edge  of  a  casting.     If  the  blow  produces  a  slight  indentation,  without 
any  appearance  of  fracture,  it  shows  that  the  iron  is  slightly  malleable,  and  therefore  of  a  good  quality ; 
if,  on  the  contrary,  the  edge  is  broken,  it  indicates  brittleness  in  the  material,  and  a  consequent  want 
of  strength. 

164.  The  strength  of  cast-iron  will  depend  not  only  on  the  quality  of  the  melted  metal,  but  also 
upon  its  temperature  at  the  moment  it  is  thrown  into  the  mould,  the  position  of  the  mould  itself,  and 
the  manner  in  which  the  cooling  is  performed.     All  of  these  circumstances  render  it  very  difficult  to 
judge  of  the  quality  of  a  casting  from  A  bare  inspection  of  its  external  characters :  but,  in  general,  if 
the  exterior  presents  a  uniform  appearance,  without  any  inequalities  on  the  surface,  it  will  be  an  in- 
dication of  uniform  strength  throughout.     Gray  cast-iron  offers  a  greater  resistance  to  a  force  of  ex- 
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tension  than  the  white  cast,  in  a  ratio  of  nearly  eight  to  five ;  hut  the  white  cast  offers  the  greatest 
resistance  to  a  compressive  force.  The  strength  of  the  gray  cast-iron  is  very  variable,  depending  on 
the  quantity  of  carbon  that  is  combined  with  it.  Its  resistance  to  rupture  by  a  force  of  eztension,  in 
the  best  varieties,  does  not  exceed  20,000  pounds  on  the  square  inch.30  It  is  found,  moreover,  that 
the  strength  of  bars,  cast  in  vertical  moulds,  is  superior  to  those  which  are  cast  horizontally ;  and 
that  large  bars  are  stronger  than' small  ones,  in  a  ratio  which  is  greater  than  the  areas  of  their  sections. 
The  resistance  of  cast-iron  to  compression  is  very  great.  From  experiments,  it  appears  that  it  will 
bear  a  weight  varying  between  90,000  and  140,000  pounds  on  the  square  inch,  before  rupture  takes 
place  by  compression.  , 

165.  Forged  iron.} — The  colour,  lustre,  and  texture  of  a  recent  fracture,  present  also  the  most 
certain  indications  of  the  quality  of  forged  iron.    The  fracture  submitted  to  examination  should  be  of 
bars  at  least  one  inch  square ;  or  if  flat  bars,  they  should  be  at  least  half  an  inch  thick,  otherwise  the 
texture  will  be  so  greatly  changed — arising  from  the  greater  elongation  of  the  fibres  in  bars  of  smaller 
dimensions — as  to  present  none  of  those  distinctive  differences  observable  in  the  fracture  of  large  bars. 
The  surface  of  a  recent  fracture  of  good  iron  presents  a  clear  gray  colour  and  high  metallic  lustre  ; 
the  texture  is  granular,  and  the  grains  have  an  elongated  shape,  and  are  pointed  and  slightly  crooked 
at  their  ends,  giving  the  idea  of  a  powerful  force  having  been  employed  to  produce  the  fracture. 
When  a  bar,  presenting  these  appearances,  is  hammered  or  drawn  out  into  small  bars,  the  surface  of 
fracture  of  these  bars  will  have  a  very  marked  fibrous  appearance,  the  filaments  being  of  a  white 
colour,  and  very  elongated.    When  the  texture  is  either  laminated  or  crystalline,  it  is  an  indication  of 
some  defect  in  the  metal,  arising  either  from  the  mixture  of  foreign  ingredients,  or  from  some  neglect 
in  the  process  of  forging.  ^ 

166.  Burnt  iron  is  of  a  clear  gray  colour,  with  a  slight  shade  of  blue,  and  of  a  slaty  texture.    It  is 
soft  and  brittle.     Cold  short  iron,  or  iron  that  cannot  be  hammered  when  cold  without  breaking,  pre- 
sents nearly  the  same  appearance  as  burnt  iron,  but  its  colour  inclines  to  white.    It  is  very  hard  and 
brittle.     Hot  short  iron,  or  that  which  breaks  under  the  hammer  when  heated,  is  of  a  dark  colour 
without  lustre. 

167.  The  fibrous  texture,  which  is  only  developed  in  small  bars  by  hammering,  is  an  inherent 
quality  of  good  iron ;  those  varieties  which  are  not  susceptible  of  receiving  this  peculiar  texture, 
are  of  an  inferior  quality,  and  should  never  be  used  for  purposes  requiring  great  strength :  the  fila- 
ments of  these  varieties  are  short,  and  the  fracture  is  of  a  deep  colour,  between  lead-gray  and 
dark-gray. 

168.  The  best  forged  iron  presents  two  varieties ;  the  hard  and  soft.     The  hard  variety  is  very 
strong  and  ductile,  but  does  not  yield  to  the  hammer  so  readily  as  the  soft.    It  preserves  its  granular 
texture  a  long  time  under  the  action  of  the  hammer,  and  only  developes  the  fibrous  texture  when 
beaten  or  drawn  out  into  small  rods  :  its  filaments  then  present  a  silver- white  appearance.     The  soft 
variety  is  weaker  than  the  hard ;  it  yields  easily  to  the  hammer,  and  it  commences  to  exhibit,  under 
its  action,  the  fibrous  texture  in  tolerably  large  bars.     The  colour  of  the  fibres  is  between  a  silver- 
white  and  lead-gray. 

169.  Iron  may  be  naturally  of  a  good  quality,  and  still,  from  being  badly  refined,  not  present  the 
appearances  which  are  regarded  as  sure  indications  of  its  excellence.     Generally,  however,  if  the 
surface  of  fracture  presents  a  texture  partly  crystalline  and  partly  fibrous,  or  a  fine  granular  texture, 
in  which  some  of  the  grains  seem  pointed  and  crooked  at  the  points,  together  with  a  light-gray 

*>  A  mean  of  several  experiments  by  Mr.  G.  Renrtie,  and  others  by  Captain  Brown,  on  cast-iron  bars  of  various  sizes, 
amounts  only  to  18,000  pounds  per  square  inch.     See  Barlow  '  On  the  Strength  of  Timber  and  Iron.' 
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colour  without  lustre,  it  will  indicate  natural  good  qualities,  which  require  only  careful  refining  to  be 
fully  developed. 

170.  The  strength  of  forged  iron  is  very  variable,  as  it  depends  not  only  on  the  natural  qualities 
of  the  metal,  but  also  upon  the  care  bestowed  in  forging,  and  the  greater  or  less  compression  of  its 
fibres  when  drawn  or  hammered  into  bars  of  different  sizes.    The  resistance  offered  by  the  best  kinds 
of  forged  iron  to  rupture  by  a  force  of  extension  may  be  stated,  on  an  average,  at  60,000  pounds  on 
the  square  inch,  for  bars  whose  cross  section  is  greater  than  one  square  inch.     It  has  been  found, 
that  in  comparing  the  relative  strength  of  bars  of  different  sizes,  small  bars  are  the  strongest.    Bars 
having  a  cross  section  of  half  a  square  inch,  will  require  a  force  of  extension  equivalent  to  70,000 
pounds  the  square  inch,  to  produce  rupture ;  and  bars  having  a  cross  section  of  a  quarter  of  a  square 
inch,  will  bear  from  80,000  to  95,000  pounds  on  the  square  inch  before  rupture  ensues.31  With  equal 
areas,  flat  bars  are  stronger  than  square  ones,  and  round  bars  are  stronger  than  either  the  flat  or 
square  bars.     There  are  no  satisfactory  experiments  on  the  resistance  of  forged  iron  to  rupture  from 
a  compressive  force :  indeed  a  knowledge  of  this  resistance  could  be  of  little  practical  use,  as  forged 
iron  is  never  used  for  vertical  supports,  cast-iron  and  wood  being  much  superior  for  such  purposes. 

171.  Wrought-iron  is  principally  used  in  buildings  for  chimney-bars,  ties,  chain-bars,  cramps,  bolts 
and  nuts,  straps,  cradle-bars,  window-guards,  light  fences,  staircase  railing,  shutter-bars,  bolts,  locks, 
and  other  light  fittings.    The  subjoined  table  of  the  weights  of  the  several  descriptions  of  iron  will  be 
found  useful  in  forming  calculations  or  estimates. 

A  cubic  foot  of  cast-iron  weighs         450  ft>s. 
A  cubic  foot  of  wronght-iron  weighs  481  Ibs. 
A  piece  of  iron  twelve  inches  long  of  the  respective  qualities  and  sizes  stated  will  weigh  as  follows. 


Cast-iron. 

Wrought  flat  and  bar  iron. 

Rod  iron. 

n.                      in. 

Ibs.                                 in.                      in. 
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in. 

Ibs. 
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3 

5-078 

"  2 

1* 

5-427 

H    . 

5-902 

U 
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14 
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6-262 
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1                    2 

6-258 

8 

2 
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2 
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V.— GLASS. 

172.  The  kinds  of  glass  in  most  general  use  in  buildings,  are  the  following:  Crown,  or  Toble-glos.  ; 
German  sheet,  and  Plate-glass. 

173.  Crown,  or  table-glass,  which  is  the  common  sort  of  window-glass,  is  manufactured  in  differ- 
ent parts  of  the  kingdom,  particularly  at  Newcastle-upon-Tyne,  Shields,  and  Bristol.      The  best 
English   crown-glass  is  composed  of   120  parts   (by  weight)  white   sand,   60   fine  pearl-ash,   30 
saltpetre,  2   borax,   1   arsenic.      As   it  varies    in    quality,  it   is    distinguished   as   best,  second, 
and  third.     The  best  crown-glass  is   that  which  is  made  from  the  purest  silex  and  alkali ;   and 
should  be  clear,  bright,  and  free  from  blemishes,  specks,  and  wreaths.     The  second  glass  is  not 

M  These  numbers  are  certainly  overrated.  The  best  iron  from  .the  rolls  scarcely  exceeds  25  tons  per  inch  ;  and  the 
larger  bars  are  proportionally  as  strong  as  the  smaller.  A  large  bar,  however,  reduced  by  hammer  to  less  section,  gains 
itrength.  See  Barlow  '  On  the  Strength  of  Timber  and  Iron.' 
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so  free  from  defects,  and  the  third  is  still  inferior  in  quality.  The  colour  is  one  of  the 
most  important  considerations  in  estimating  the  quality  of  glass  ;  and  on  this  account  chiefly, 
the  glass  manufactured  in  the  vicinity  of  Newcastle  is  most  esteemed  in  the  market.  Crown-glass 
is  manufactured  in  pieces  of  a  circular  form,  termed  talks,  each  table  having  a  thick  knob  in  the 
centre,  called  the  knot.  These  tables  vary  from  four  feet  to  five  feet  in  diameter,  but  the  most 
common  size  is  from  forty-eight  to  forty-nine  inches  in  diameter.  Crown  glass,  of  a  proper 
quality  and  substance,  will  weigh  from  ten  to  eleven  ounces  the  square  foot:  varying  somewhat 
according  to  the  materials  of  which  it  is  composed.  The  tables  are  packed  in  crates :  each  crate  of 
best  glass  containing  twelve  tables ;  a  crate  of  seconds,  fifteen  tables  ;  and  a  crate  of  thirds  eighteen 
tables.  There  is  an  inferior  kind  of  glass,  termed  Green  glass,  which  is  used  for  ordinary  purposes, 
such  as  glazing  the  windows  of  cottages,  garden-lights,  hot  houses,  &c.,  and  which  is  much  cheaper 
than  the  descriptions  before  noticed.  Its  green  colour  is  owing  to  the  presence  of  iron  in  the  imper- 
fectly purified  alkaline  substances  used  in  its  manufacture. 

174.  German  Sheet-glass  is  of  an  excellent  quality,  particularly  as  respects  colour  ;  but  from  the 
manner  in  which  it  is  manufactured,  one  side— which  of  course  is  placed  outermost  in  the  sash — has 
an  uneven,  and  consequently  a  very  unpleasant  appearance.    It  was  formerly,  however,  much  in  use  ; 
but  latterly,  in  consequence  of  the  improvements  which  have  "been  made  in  the  manufacture  and  the 
flatting  of  crown  glass,  together  with  the  reduction  that  has  been  made  in  the  price  of  plate-glass,  it 
is  not  much  in  request  now  in  this  country. 

175.  Plate-glass  far  excels  all  other  sorts  in  quality  and  beauty.    It  is  nearly  colourless,  and  is  cast 
in  plates  of  sufficient  thickness  to  admit  of  its  being  polished  with  the  greatest  accuracy  and  delicacy. 
Plates  of,  almost  any  size,  from  144  to  11,000  square  inches,  may  be  obtained.    The  principal  manu- 
factory of  this  beautiful  substance,  in  England,  is  near  Prescot  in  Lancashire.     The  following  pro- 
portions of  materials  are  used  in  the  manufacture  of  plate-glass  : 

Lynn  sand,  ......  720  parts. 

Alkaline  salt,  ......  450    — 

Slaked  lime,          ......  80    — 

Nitre,  .  .  .  .  .  .  25    — 

Broken  plate-glass,  .  ...  425    — 

1700 

176.  Window  glass  is  frequently  stained  of  various  colours, — as  red,  orange,  yellow,  blue,  purple, 
and  green.     The  three  former  colours  are  produced  by  the  application  of  chemical  solutions  to  the 
glass,  which  is  afterwards  subjected  to  great  heat  in  kilns  made  for  the  purpose,  by  which  means  the 
colours  are  burnt  in,  and  become  as  permanent  as  the  glass  itself.     Glass  of  the  three  latter  colourj 
is  usually  made  from  the  pot. 

177.  A  very  beautiful  species  of  glass  has  been  produced,  denominated  Embossed  glass.     It  is 
formed  from  the  better  description  of  crown-glass,  first  made  perfectly  flat,  and  ground,  and  then  orna- 
mented with  a  multiplicity  of  devices,  such  as  scrolls,  fretts,  flowers,  and  other  decorations,  by  means  of 
a  chemical  application  which  is  burnt  into  the  glass,  and  produces  a  most  rich,  brilliant,  and  beautiful 
effect,  not  unlike  matted  silver.    It  may  moreover  be  executed  of  any  of  the  above-mentioned  colours. 

178.  Glaziers  have  likewise  less  expensive  methods  of  giving  glass  the  effect  of  opacity,  without 
lessening  materially  its  power  of  admitting  light.    The  most  common  way  is  by  rubbing  the  polish  off 
the  surface  with  sand  and  water,  or  with  emery.     The  square  of  glass  being  first  bedded  in  plaster, 
is  rubbed  till  the  polish  is  entirely  removed ;  it  is  afterwards  washed  and  dried,  and  is  then  ready 
for  use.     It  is  distinguished  in  the  trade  by  the  appellation  of  Ground  glass. 

•  The  present  Government  duty  on  crown-glass  is  73s.  6d.  per  cwt. ;    on  broad-glass,  30s.  per  cwt. ;    on  plate-glass  60s, 
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PART  II. 
PRACTICAL  ARCHITECTURE, 

OR  THE  APPLICATION  OF  GEOMETRY  TO  THE  BUILDING  ARTS. 

THE  construction  of  Architectural  works  is  divided  into  several  distinct  Arts  ;  and  of  those  to  which 
the  principles  of  Geometrical  science  apply  with  most  advantage  we  now  proceed  to  treat.  We  shall 
begin  with  MASONRY  and  BRICKLAYING  ;  then  proceed  to  CARPENTRY  and  JOINERY  ;  and  end  with  an 
explanation  of  the  ORDERS  used  in  Architecture. 


SECTION   I. 

MASONRY. 

Definitions,  1 1.  Walls,  2—7 II.  Vaults,  Domes,  and  Groins,  8—55. III.  Stone-cutting,  56 Baking- 
mouldings,  57. Arches,  58 Oblique  arches,  59 An  arch  in  a  circular  wall,  60. Construction  of  Groins, 

61 Gothic  groin,  62. Ribbed-groins,  63. Construction  of  spherical  domes,  64. Niches  in  straight  walls, 

65 — 70. Niches  in  circular  walls,  71.— —Architraves  over  columns,  72.— —Description  of  the  Lewis,  73.        Stairs, 

74,  75 Steps  over  an  area,  76. 

1.  Definitions.] — MASONRY  is  the  art  of  cutting  stones,  and  building  them  into  masses,  for  the  pur- 
poses of  Architecture.  Stones  prepared  from  the  quarry,  for  building,  are  generally  of  a  rectangular 
form. 

I.— WALLS. 

/ 

2.  A  wall  is  a  mass  composed  of  stones,  generally  joined  with  cement,  and  so  arranged  that  a 
plumb-line  from  any  point  of  the  surface  may  not  fall  without  the  solid. 

3.  In  modern  house-building,  the  bedding-joints  of  the  squared  stones  or  bricks  have  always  a  hori- 
zontal position.     In  piers,  quays,  and  bridges,  the  bedding-joints  are  generally  laid  at  a  right  angle 
with  the  latter  of  the  outside  faces ;  and  these  latter  are  sometimes  worked  in  the  reticulated  manner, 
that  is,  the  courses  are  laid  at  an  angle  of  45"  with  the  horizon. 

4.  The  footings  in  the  foundations  of  stone  walls  should  be  composed  of  large  square  stones,  all  of 
the  same  course,  being  of  an  equal  thickness.    If  the  foundations  are  made  to  taper  much,  the  super- 
structure will  depend  on  the  back  parts  of  the  lowermost  stones,  and  unless  these  are  very  truly 
worked  and  laid,  it  will  therefore  be  liable  to  give  way.    Where  the  direction  of  a  wall  is  up  the  face 
of  steep  ground,  cut  into  steps,  the  footings  must  be  bedded  with  great  care ;  and  all  the  upright  joints 
of  an  upper  footing-stone,  should  break  joint,  or  fall  upon  the  middle  of  the  stones  below.    In  laying 
the  foundations  of  thin  walls,  where  stones  of  proper  size  can  be  had,  each  course  of  the  footing  should 
consist  of  stones  reaching  the  entire  thickness  of  the  walls,  with  the  proper  projections.   But  in  thicker 
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•walls,  when  only  a  part  of  the  stones  can  be  had  of  sufficient  length,  then  every  alternate  stone  may 
be  laid  quite  across  the  wall ;  the  interval  consisting  of  two  stones  in  breadth,  after  the  manner  of 
Flemish  bond  in  brickwork.  If  even  these  bond-stones  cannot  be  procured,  then  every  alternate  stone 
may  be  in  length  two-thirds  of  the  thickness  on  one  side  the  wall,  and  on  the  other  side  a  stone  of 
one-third  of  the  same  breadth  may  be  placed,  and  the  order  reversed  in  the  next  course,  which  will 
form  a  sufficiently  strong  bond.  In  broader  foundations,  where  stones  cannot  be  procured  equal  to 
two-thirds  of  the  breadth,  they  may  be  built  with  the  joints  of  the  upper  course  of  each  footing  rest- 
ing nearly  on  the  middle  of  the  stones  in  the  course  below  it. 

5.  When  the  superstructure  of  a  wall  consists  of  unhewn  stone  laid  in  mortar,  it  is  called  a  Hubble 
wall,  which  may  be  either  coursed  or  uncoursed ;  of  these  the  latter  is  very  common  in  ordinary  build- 
ings.    The  greater  part  of  the  stones  are  used  as  they  come  from  the  quarry  ;  some  have  a  slight 
hammer  dressing.     This  sort  of  wall  is  very  inconvenient  for  receiving  bond-timbers ;  but  if  bond- 
timbers  be  preferred  to  plugging,  the  backing  must  be  levelled  in  every  height  where  the  bond-timbers 
are  required.     When  the  stones  are  very  small,  and  of  irregular  shape,  it  will  add  to  their  stability 
to  work  in  slender  laths  or  old  hoop-iron ;  care  must  be  taken  to  dispose  the  longest  sort  of  the 
stones  so  as  to  create  the  greatest  possible  bond ;  and  the  work  must  be  carried  very  regularly  up 
round  every  wall  of  the  building,  and  with  not  too  much  rapidity,  in  order  that  it  may  have  time  to 
indurate  or  set,  to  a  certain  degree  of  firmness  before  a  great  weight  comes  upon  it ;  and  on  no  account 
should  thin  stones  be  set  on  edge,  which  thoughtless  and  unprincipled  workmen  are  but  too  much 
inclined  to,  either  from  haste,  or  for  the  purpose  of  making  a  smooth  outside  facing. 

6.  Coursed  rubble,  where  proper  stones  can  be  obtained,  is  much  preferable  to  the  other,  and  is 
more  favourable  to  the  disposition  of  bond-timbers.     The  courses  are  of  various  thicknesses,  adjusted 
by  means  of  a  gauge  or  sizing-rule  ;  and  the  stones  are  either  hammered,  dressed,  or  axed. 

1.  Walls  faced  with  squared  stones,  and  backed  with  rubble  or  brick,  are  called  ashler  work,  and 
the  stones  themselves  are  called  ashlers.  The  average  size  of  each  ashler  is  from  24  to  36  inches  in 
length  horizontally,  8  to  12  inches  in  breadth  or  depth,  and  10  to  16  inches  in  height.  The  best 
figure  for  the  stones  of  an  ashler-facing,  is  that  of  a  truncated  wedge,  that  is,  thinner  at  one  end 
than  the  other  in  the  thickness  of  the  wall,  so  that  those  in  one  course  may  form  in  their  back  parts 
indentations  like  the  teeth  of  a  saw,  the  next  course  having  its  indentations  varied  from  that  below 
it ;  the  whole  is  therefore  toothed  or  united  with  the  rubble  backing,  much  more  effectually  than  if 
the  backs  of  the  ashlers  were  parallel  with  the  face.  Bond-stones  should  be  introduced  in  every 
course  of  ashler  facing :  they  should  be  in  quantity  equal  to  one-sixth  of  the  face  of  the  wall,  and  of 
a  length  to  reach  at  least  one  foot  into  the  back,  but  the  more  the  better.  Every  bond-stone  should, 
if  possible,  be  placed  in  the  middle  between  those  in  the  course  below.  When  the  jambs  of  piers  are 
coursed  with  ashler,  or  when  the  jambs  are  of  one  entire  height,  every  alternate  stone  next  the  aper- 
ture in  the  former  case,  and  next  to  the  jambs  in  the  latter,  should  bond  through  the  wall ;  and  every 
other  stone  should  be  placed  lengthwise,  in  each  return  of  an  angle,  not  less  than  the  average  length 
of  an  ashler.  Bond-stone  should  have  no  taper  in  their  beds,  nor  should  their  ends,  or  the  ends  of 
the  return  stones,  be  ever  less  than  12  inches.  Closers  should  never  be  admitted,  unless  they  bond 
at  least  two-thirds  of  the  thickness  of  the  wall.  All  upright  joints  should  be  square  or  at  a  right 
angle  with  the  face  for  about  two  inches  back,  after  which  they  may  widen  a  little  towards  the  back. 
The  upper  and  lower  beds  of  every  stone  should  be  quite  level  or  parallel  to  each  other  for  their  whole 
breadth.  All  the  joints,  for  the  distance  of  about  one  inch  from  the  face,  should  be  cemented  with  fine 
mortar,  or  with  a  mixture  of  oil-putty  and  white-lead ;  the  former  is  practised  at  Edinburgh,  the  latter 
at  Glasgow ;  at  the  latter  place  the  joints  of  the  polished  ashler  work  are  uncommonly  fine  and  accu- 
rate. The  remainder  of  the  ashler,  and  all  the  rubble,  should  be  laid  in  good  lime  mortar  ;  that  for 
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the  rubble,  should  be  made  with  coarser  sand.  All  the  stones  should  be  laid  in  their  natural  beds. 
Wall  plates  should  always  be  placed  on  a  number  of  bond-stones,  to  which  they  may  be  either  joggled 
or  fixed  by  iron  cramps. 

II — VAULTS,  DOMES,  AND  GROINS. 

8.  A  vault  in  masonry  is  a  mass  of  stones  overtopping  an  area  of  a  given  boundary,  and  supported 
by  one  or  mere  walls,  or  pillars,  placed  without  the  boundary  of  that  area  ;  the  stones  being  so 
arranged  that  they  mutually  balance  and  support  one  another. 

9.  The  surface  of  the  vault  which  is  opposite  to  the  area  is  called  the  soffit,  or  intrados,  or  vaulted 
surface ;  and  is  generally  concave  towards  the  area,  or  composed  of  surfaces  that  are  concave,  gen- 
erally consisting  of  the  portion  of  a  cylinder,  cylindroid,  or  sphere,  but  never  exceeding  half  the  solid. 
The  exterior  or  convex  curve  of  the  superior  surface  of  an  arch,  is  called  the  extrados. 

10.  As  it  is  the  proper  adjustment  of  the  weight  of  any  part  of  a  vault  to  the  surrounding  mass 
which  prevents  that  part  from  falling,  it  becomes  necessary,  in  the  act  of  construction,  to  build  it  upon 
a  mould  until  the  whole  be  closed.     The  mould  used  for  this  purpose  is  called  a  centre. 

11.  The  part  of  the  top-surface  of  a  wall,  or  pillar,  on  which  the  first  stones  of  a  vault  rest,  is  called 
the  spring  of  the  vault,  or  bed  of  the  vault. 

12.  If  the  face  of  a  wall,  or  pillar,  and  the  sofiit  of  the  vault,  meet  together  in  the  bed  of  that  vault, 
the  line  of  concourse  is  called  the  spring  line  of  the  vault. 

13.  A  complex  vault  formed  by  the  intersection  of  several  archoids,  whether  of  the  same  or  of 
different  heights,  is  denominated  a  groin  vault. 

14.  The  intrados  of  every  vault  used  in  Architecture  may  be  considered  the  concave  surface  of 
some  geometrical  solid,  or  the  surface  of  a  solid  compounded  of  one  or  more  geometrical  solids. 

15.  When  solids  of  revolution  are  employed  in  vaulting,  the  axis  is  generally  either  perpendicular 
or  parallel  to  the  horizon. 

16.  The  surface  of  a  cylinder,  or  cylindroid,  can  be  employed  in  vaulting  only  when  the  axis  is 
parallel  or  inclined  to  the  horizon  ;  for  when  it  is  perpendicular,  the  concave  surface  of  the  cylinder, 
or  cylindroid,  is  only  the  interior  surface  of  a  wall  upon  a  circular  or  elliptical  plan. 

17.  A  conic  surface  may  form  the  intrados  of  a  vault,  whether  the  axis  be  perpendicular  or  parallel 
to  the  horizon.     Such  surfaces  are,  however,  seldom  used,  except  it  be  in  the  heads  of  apertures  of 
doors  and  windows,  with  the  axis  horizontal ;  or  in  kilns  where  the  axis  is  vertical. 

18.  When  the  surface  of  a  cylindroid  is  employed  in  vaulting,  one  of  the  axes  of  the  elliptic  ends 
is  always  in  a  horizontal,  and  the  other  in  a  vertical  plane.     The  position  of  the  axes  of  a  cylinder, 
or  cylindroid,  is  most  generally  horizontal ;  the  inclined  position  occurring  very  rarely. 

19.  If  the  surface  of  a  vault  be  cylindric,  or  cylindroidic,  a  portion  of  the  surface  of  the  cylinder, 
or  cylindroid,  not  exceeding  the  half,  is  generally  employed.     The  edges  which  terminate  the  surface, 
and  which  are  parallel  to  the  axis,  are  called  the  springing  lines  of  that  surface. 

20.  When  a  spheric  surface  is  employed  in  vaulting  only,  a  segment  not  exceeding  the  half  is  used. 

21.  The  surface  of  every  conoid  may  be  used  in  vaulting  ;  and,  when  used,  the  position  of  the  axis 
is  perpendicular  to  the  horizon. 

22.  When  the  surface  of  a  vault  is  ellipsoidal,  the  shorter  axis  has  generally  a  vertical  position. 

23.  A  cylindrical,  or  cradle  vault,  consists  of  a  plain  arch  ;  the  figure  of  whose  extrados  is  a  portion 
of  a  cylindrical  surface,  terminating  on  the  top  of  the  walls  which  support  it,  in  a  horizontal  plane 
parallel  to  the  axis  of  the  cylinder. 

24.  A  cylindroidal  vault  consists  also  of  a  plain  arch,  the  figure  of  whose  extrados  springs  from  a  hori- 
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zontal  plane,  but  its  section  perpendicular  to  those  lines  is  everywhere  a  semi- ellipsis,  equal  and 
similar  throughout,  having  its  base  that  of  either  axis  ;  otherwise,  it  is  sometimes  the  segment  of  an 
ellipsis  less  than  a  semi-ellipsis,  having  an  ordinate  parallel  to  the  axis  for  its  base. 

25.  A  vault,  rising  from  a  circular,  elliptical,  or  polygonal  plan,  with  a  concavity  within  and  a  con- 
vexity without,  so  that  all  horizontal  sections  of  the  intrados  may  be  of  similar  figures,  having  their 
centres  in  the  same  vertical  line,  or  common  axis,  is  called  a  dome. 

26.  Various  names  are  given  to  domes,  according  to  the  figure  of  their  plan,  as  polygonal,  circular, 
or  elliptic.    Circular  domes  may  be  either  spherical,  spheroidal,  ellipsoidal,  hyperbolical,  parabolical, 
<fcc.     Such  as  rise  higher  than  the  radius  of  the  base  are  called  surmounted  domes ;  and  such  as  are 
below  this  altitude  are  termed  diminished,  or  surlased  domes.     If  a  dome  be  a  portion  of  a  sphere, 
that  is,  if  its  base  be  a  circle,  and  its  vertical  section  through  the  centre  of  its  base  the  segment  of  a 
circle,  it  is  called  a  cupola.    A  spherical  dome,  or  cupola,  may  be  intersected  by  a  cylindric  vaulting 
in  any  direction ;  and  the  intersection  will  always  be  circular,  provided  the  axis  of  the  cylinder  tend  to 
the  centre  of  the  sphere,  because  every  section  of  a  sphere  made  by  a  plane  is  a  circle,  as  is  also  every 
section  of  a  right  cylinder  perpendicular  to  the  axis.    Suppose,  therefore,  the  sphere  to  be  cut  by  a  plane 
forming  a  section  equal  to  that  of  the  cylinder,  and  the  two  sections  applied  together,  the  right  line 
drawn  from  the  centre  of  the  circle,  which  is  the  section  of  the  sphere,  to  the  centre  of  such  sphere, 
will  be  perpendicular  to  the  plane  of  this  section  ;  and,  since  the  axis  of  the  cylinder  is  also  perpen- 
dicular to  the  same  plane,  it  will  be  in  the  same  right  line  with  the  remainder  of  the  radius  of  the 
sphere.     From  this  we  deduce,  that,  when  the  axis  of  a  cylindrical  vaulting  is  horizontal,  and  tends 
to  that  of  a  spherical  vault,  their  intersection  must  be  in  the  circumference  of  a  circle,  whose  plane 
will  be  perpendicular  to  the  horizon  ;  and  hence  those  beautiful  sphero-cylindrical  groins,  so  greatly 
and  justly  admired  in  our  principal  buildings. 

27.  Upon  this  principle,  any  building  that  has  a  polygonal  base  may  be  made  to  terminate  a  circle, 
and  sustain  a  cupola,  or  cylindric  wall ;  for,  if  the  tops  of  the  side  walls  of  the  polygon  be  brought  to 
a  level,  and  equal  segments  of  circles,  whether  semicircles  or  less  portions,  be  raised  on  the  top,  meet- 
ing in  the  lines  of  intersection  of  the  sides  of  the  polygon,  and  if  the'  angular  spaces  between  the 
circular-headed  walls  be  made  good  to  the  level  of  the  summit  of  the  arches,  so  as  to  coincide  with  the 
circumference  of  a  great  circle  of  the  sphere,  they  will  terminate  in  a  ring  at  the  level  of  the  summit 
of  the  arches,  and  be  portions  of  the  sphere,  called  by  our  workmen  spandrels,  and  by  the  French 
pendentives.     On  the  ring  so  formed,  a  cornice  is  usually  laid,  on  which  the  cylindric  wall  or  dome  is 
raised. 

28.  The  plans  of  apartments  intended  to  be  covered  with  cupolas,  are,  in  general,  either  square  or 
octangular.     The  pendentives  are  likewise  commonly  equal  in  number  to  the  angles  of  the  walls  ; 
but  this  is  not  essential,  because,  in  polygonal  plans,  arches  may  be  thrown  across  the  angles,  to 
double  the  number  of  the  sides  of  the  polygon,  still  preserving  the  equal  sides.     Over  the  middle  of 
the  walls,  equal  and  similar  arches  may  be  built,  that  shall  touch  those  across  the  angles  at  the 
bottom,  and  have  their  tops  in  the  same  level.     Or,  instead  of  walls,  piers  may  be  carried  to  an  ade- 
quate height  upon  each  angle  of  the  polygon,  and  return  upon  either  side  of  it.    Archivolts  may  then 
be  turned  over  every  two  adjacent  piers,  and  the  spandrels  be  filled  in  to  the  level  of  the  snminits  of 
the  arches  or  archivolts,  as  before,  and  the  termination  will  be  a  circle  on  the  inside,  as  already  stated. 

29.  There  do  not  appear  any  instances  among  the  Roman  buildings,  of  pendentives  or  spandrels 
being  supported  by  four  pillars,  or  by  quadrangular  or  polygonal  walls,  and  which  support  themselves 
on  a  spherical  dome  or  a  cylindrical  wall.     Pendentives  rising  from  pillars,  and  surmounted  by  a 
dome,  were  originally  introduced  in  the  celebrated  church  of  St.  Sophia  at  Constantinople.    St.  Paul's, 
and  St.  Stephen's  Walbrook,  London,  are  beautiful  specimens  of  this  sort. 
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30.  When  two  or  more  plain  vaults  penetrate  or  intersect  each  other,  with  their  summits  in  the 
same  horizontal  plane  or  level,  the  figure  of  the  intrados,  formed  by  the  several  branches  of  the  vaults, 
is  called  a  groin.     In  other  words,  a  groin  is  a  vault  in  which  two  geometrical  solids  may  be  trans- 
versely applied,  one  after  another,  so  that  a  portion  of  the  groin  will  have  been  in  contact  with  the 
first  solid,  and  the  remainder  with  the  second  when  the  first  is  removed,  and  that  the  summit  of  the 
one  may  intersect  that  of  the  other.     This  definition  will  be  found  almost  universal,  as  it  applies  not 
only  to  plain  vaults  intersecting  each  other,  but  also  to  such  as  are  annular,  or  in  the  form  of  semi- 
cylindric  rings,  intersected  by  cylindric  or  cylindroidal  plain  vaults,  whose  axes  tend  to  that  of  the 
annuli ;  but  it  does  not  include  the  species  used  in  the  chapel  of  Henry  VII.  at  Westminster,  and  in 
King's  College  chapel  at  Cambridge,  where,  instead  of  the  horizontal  sections  of  the  curved  surfaces 
presenting  exterior  right  angles,  as  is  generally  the  case,  they  present  convex  arches  of  circles. 

31.  A  property  common  to  every  kind  of  groins,  is,  that  the  several  branches  intersect  and  form 
arches  of  equal  height  upon  each  enclosing  wall,  the  perpendicular  surface  of  which  is  continued  on 
both  sides,  till  intercepted  by  the  intrados  of  the  arches  ;  consequently,  the  upright  of  each  wall  is 
equal  in  height  to  that  of  the  common  apex  of  the  arches.     This  forms  a  striking  and  characteristic 
difference  between  domes  and  groins :  the  latter  is  a  branched  vault,  terminating  in  each  branch 
against  the  enclosing  wall ;  whereas  the  former  is  a  vault  without  branches,  having  its  curves  springing 
from  all  points  of  the  wall  or  walls  around  the  bottom  of  its  circumference,  whether  upon  a  polygonal, 
circular,  or  elliptical  plan.     Another  property  of  the  dome  is,  that  all  its  horizontal  sections  are 
similar  figures,  whether  made  by  the  exterior  or  interior  surface. 

32.  Groins  are  variously  denominated,  according  to  the  surfaces  of  the  geometrical  bodies  which 
form  the  simple  vault,  viz.  When  the  axes  of  the  simple  vaults  are  in  two  vertical  planes,  crossing  at 
right  angles  to  each  other,  they  form  a  rectangular  groin. 

33.  When  three  or  more  simple  vaults  of  one  common  height  pierce  each  other,  and  form  a  com- 
plex vault,  in  such  a  manner  that  if  the  surfaces  of  the  several  solids  of  which  each  is  formed  were 
respectively  applied,  one  at  a  time,  to  succeeding  portions  of  the  surface  of  the  complex  vault,  each 
portion  of  the  complex  vault  would  come  in  contact  with  certain  corresponding  portions  of  the  surface 
of  each  of  the  solids  :  the  complex  surface  thus  generated  is  called  a  multangular  groin. 

34.  When  the  several  axes  of  the  simple  vaults  form  equal  angles  around  the  same  point,  and  when 
each  of  the  vaults  are  of  the  same  width,  the  surface  of  the  solid  is  called  an  equiangular  groin. 

35.  When  the  breadths  of  the  cross  vaults,  or  openings  of  a  groined  vault  are  equal,  the  groin  is 
said  to  be  equilateral. 

36.  The  species  of  every  groin,  formed  by  the  intersection  of  two  vaults  of  unequal  width,  is  denoted 
by  two  preceding  words ;  the  first  ending  in  o,  indicates  the  simple  vault  of  the  greater  width,  and  the 
second  terminating  with  ie,  denotes  the  simple  vault  of  the  less  width. 

37.  Thus,  a  cylindro-cylindric  groin,  is  a  groin  in  which  the  cylindric  portion  is  wider  than  the 
cylindroid.    In  this  species  of  groin,  the  section  of  the  cylindroidic  part  has  its  lesser  axis  horizontally 
posited. 

38.  A  cylindroido-cylindric  yroin  is  one  which  has  the  greater  axis  of  the  cylindroidic  part  horizon- 
tally posited. 

39.  When  the  two  portions  of  a  groin  are  of  equal  width,  the  groin  is  either  cylindric  or  cylindroidic, 
accordingly  as  the  portions  are  both  cylinders  or  both  cylindroids. 

40.  When  one  vault  pierces  another  of  less  height,  the  angle  formed  at  the  intersection  is  called 
an  arch,  and  its  species  is  indicated  by  the  two  preceding  words,  as  in  groins  ;  that  ending  in  o,  in- 
dicates the  simple  vault  of  the  greater  height,  and  the  other  ending  in  ie,  denominates  that  of  the 
lesser  height. 
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41.  A  cylindro-cylindric  arch,  is  an  arch  made  of  two  cylindric  portions  ;  but  the  portion  indicated 
by  the  word  ending  in  o,  is  higher  than  the  portion  ending  in  ic. 

42.  A  sphero-cylindric  arch  is  that  in  which  the  spheric  portion  surmounts  the  cylindric  portion, 
or  that  the  principal  or  master  vault  is  a  sphere,  and  the  other  which  perforates  it  a  cylinder. 

43.  A  cylindro-spheric  arch  is  one  in  which  the  higher  arch  is  a  portion  of  a  cylinder,  and  the  other 
a  portion  of  a  sphere,  as  must  be  the  case  with  a  spherical  headed  niche  in  a  cylindric  wall,  or  in  a 
cylindric  vault. 

44.  It  does  not  appear  that  the  Greeks  made  use  of  vaults  or  arches  prior  to  the  Roman  conquest ; 
but  from  that  period  they  employed  not  only  plain  vaults  with  cylindrical  intradosses,  but  also  quadri- 
lateral equal-pitched  groined  vaults,  with  cylindrical  or  cylindroidal  intradosses,  or  a  mixture  of  both, 
as  may  be  observed  over  the  passages  of  the  theatres  and  gymnasia. 

45.  The  dome  was  invented  by  the  Romans  or  Etrurians.     The  Pantheon,  which  is  generally 
reputed  to  have  been  built  by  Agrippa,  son-in-law  to  Augustus,  (though  some  writers  maintain  that 
he  only  added  the  portico,)  is  one  of  the  earliest  remaining  structures  with  arches :  it  consists  of  a 
hemispherical  cavity  enriched  with  coffers,  and  terminates  upwards  in  an  aperture  called  the  eye  of 
tJie  dome.     The  exterior  side  rises  from  degrees  or  steps,  placed  in  a  sloping  direction,  and  forming 
nearly  a  tangent  to  the  several  internal  groins  of  the  steps,  presenting  to  the  eye  a  truncated  segment 
of  a  sphere,  much  less  than  a  hemisphere.     This  forms  the  general  character  of  the  Roman  dome. 

46.  Domes  were  of  very  frequent  use  among  the  Romans,  as  may  be  deduced  from  their  groins,  and 
the  remains  of  their  ancient  edifices.    But  ancient  Greece  does  not  furnish  a  single  example  of  a  dome, 
if  we  except  that  which  covers  the  monument  of  Lysicrates,  but  which  being  only  of  a  single  stone, 
may  rather  be  deemed  a  lintel  than  a  built  dome.     Vitruvius  observes,  (Book  iii.  chap.  3,)  that  the 
floors  of  temples  were  frequently  supported  by  vaults,  and  (Book  v.  chap.  1,)  that  the  roofs  of  basilicas 
were  vaulted  in  the  tortoise  form,  which  he  distinguished  by  the  term  testudo.    This  mode  of  vaulting 
is  very  flat,  and  has  four  curved  sides  springing  from  the  four  walls,  approaching  nearly  to  the  form 
of  a  flat  dome  upon  a  rectangular  plan.    From  the  remains  of  Roman  buildings  we  also  observe  that 
their  ceilings  were  vaulted  over  their  apartments,  as  may  be  seen  in  the  chapels  of  the  temple  of 
Peace,  and  the  side  apartments  of  Dioclesian's  baths,  which  are  furnished  with  vaults  having  cylin- 
drical intradosses  ;  while  the  great  rectangular  apartments,  in  both  these  edifices,  are  vaulted  with 
groins.    Nor  is  it  a  little  remarkable  that  these  groins  are  not  formed  by  the  intradosses  of  the  vaults 
of  the  chapel,  whose  summits  rise  but  a  small  distance  above  the  springing  of  the  middle  groins.    The 
piers  between  the  chapels  also  have  small  arcades,  the  summits  of  which  are  considerably  below  the 
cylindrical  intradosses  of  the  side  vaults  ;  a  mode  to  be  discovered  in  many  other  buildings. 

47.  The  Romans  used  annular  vaults,  as  in  the  temple  of  Bacchus,  where,  as  in  the  temple  of 
Peace  and  the  baths  of  Dioclesian,  the  summits  of  the  arcades,  supporting  the  cylindric  wall  and 
dome  of  the  central  apartment,  do  not  intersect  the  annular  intrados,  but  this  convex  side  of  the 
cylindric  wall  which  supports  it,  consequently  they  do  not  form  groins. 

48.  The  intradosses  of  the  Roman  domes,  as  we  have  already  hinted,  are  of  a  semicircular  section, 
as  in  the  Pantheon,  and  the  temple  of  Bacchus  at  Rome,  the  temple  of  Jupiter,  and  the  vestibule  of 
the  palace  of  Dioclesian  at  Spalatro  ;  while  the  vertical  section  of  the  extrados  through  the  axis,  ex- 
hibits a  much  less  segment,  as  may  be  seen  in  the  first  and  last  of  the  examples  quoted.     The  latter 
observation,  however,  only  applies  to  edifices  built  prior  to  the  reign  of  the  emperor  Justinian ;  after 
which  period,  from  the  completion  of  the  dome  of  St.  Sophia  at  Constantinople,  to  the  finishing  of 
St.  Paul's  cathedral  at  London,  the  domes  are  all  of  the  surmounted  kind,  and  approach  in  a  certain 
degree  to  the  proportions  of  spires  or  towers,  so  much  affected  in  the  middle  ages.    Since  the  labours 
and  taste  of  Mr,  Stewart  and  others  have  revived  the  legitimate  Grecian  architecture,  the  contour  of 
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the  ancient  Roman  dome  has  been  also  restored,  especially  in  cases  where  the  structure  is  ornamented 
with  any  of  the  orders. 

49.  In  the  interior  of  the  large  towers  of  our  Gothic  cathedrals,  over  the  intersections  of  the  cross, 
we  find  domes,  rising  from  a  square  base,  generally  pierced  with  two  windows  over  each  wall,  and 
forming  beautiful  groins,  by  their  intersection  with  the  interior  domic  ceiling. 

50.  Though  the  equilibrium  and  pressure  of  domes  are  very  different  from  those  of  ordinary  arches, 
yet  they  have  some  common  properties,  as  will  appear  from  the  following  comparison :  if,  in  their 
cylindrical  or  cylindroidal  vaulting  of  uniform  thickness,  the  tangent  to  the  arch  at  the  bottom  be 
perpendicular  to  the  horizon,  the  vault  cannot  stand  ;  neither  can  it  be  built  with  a  concave  contour 
in  the  whole,  or  in  any  part ;  and  to  make  the  arch  in  equilibrium,  whether  its  section  be  circular  or 
elliptical,  supposing  the  intrados  to  be  given,  the  extremes  must  be  loaded  vastly  high,  between  the 
extrados  of  the  curve,  which  runs  upward,  and  the  tangent  to  the  arch,  which  is  an  asymptote,  ris- 
ing vertically  from  each  foot  or  extreme  of  the  arch.     In  like  manner,  in  thin  domical  vaulting  of 
equal  thickness,  if  the  curved  surface  rise  perpendicular  from  the  base,  the  bottom  will  burst,  let  the 
contour  be  as  it  may. 

51.  Notwithstanding  this  agreement,  dome- vaulting  differs  in  other  particulars  very  essentially 
from  the  common  sort ;  for  instance,  to  bring  the  figure  of  a  dome  into  proper  equilibrium,  after  the 
convexity  has  been  carried  to  its  full  extent  of  equilibrium  around,  and  equidistant  from  the  summit 
on  the  exterior,  the  curvature  may  alter  into  a  concavity ;  for,  since  the  interior  circumference  of  the 
courses  is  less  than  that  of  the  exterior,  the  stones  cannot  fall  inwardly,  whatever  be  the  outward 
pressure,  unless  they  be  squeezed  into  a  less  compass,  which  is  supposed  impossible  ;  consequently, 
they  must  be  crushed  to  powder  before  such  a  vault  can  give  way.    For  the  same  reason,  a  vault  may 
be  constructed,  that  shall  be  convex  within,  and  concave  outwardly,  and  yet  be  sufficiently  firm.    The 
strongest  form,  however,  of  a  circular  vault,  intended  to  bear  a  load  at  the  top,  is  that  of  a  truncated 
cone,  similar  to  Sir  Christopher  Wren's  contrivance  for  supporting  the  stone  lanthorn  and  exterior 
dome  of  St.  Paul's.     In  this  kind  of  vault,  the  pressure  is  communicated  in  the  sloping  right  line  of 
the  sides  of  the  cone  perpendicular  to  the  joints,  consequently  the  conic  sides  have  no  tendency  to 
bend  to  one  side  more  than  to  the  other,  unless  it  be  from  the  gravity  of  the  materials  tending  towards 
the  axis,  which  is  counteracted  by  the  abutting  vertical  joints  ; — a  form  so  strong,  as  to  be  adequate 
to  sustain  or  repel  any  force  acting  on  its  summit  that  we  can  possibly  conceive. 

52.  In  dome-vaulting,  on  the  contrary,  the  contour  being  convex,  there  is  a  certain  load,  which, 
if  laid  on  the  apex  of  the  dome,  must  cause  it  to  burst  outwardly.     The  power  of  this  load  will  be 
greater  or  less,  according  to  the  approximation  of  the  contour  towards,  or  its  recession  from,  the 
chords  of  the  arches  of  the  two  sides,  or  to  a  conic  vaulting  on  the  same  base,  carried  up  to  the  same 
altitude,  and  ending  in  the  same  circular  course.     In  exemplification  of  this,  if  we  begin  at  the  key- 
stone, and  proceed  downwards,  from  course  to  course,  supposing  a  horizontal  line  to  be  a  tangent  at 
the  vertex,  we  shall  discover  that  every  successive  coursing-joint  may  be  made  to  slope  so  much,  and 
consequently,  the  pressure  of  the  archstones  of  any  course  towards  the  axis  may  be  so  great,  as  to  be 
more  than  sufficient  to  resist  the  weight  of  all  the  part  above ;  hence  it  is  evident  that  a  certain 
degree  of  curvature  may  be  given  to  the  contour,  which  will  be  just  sufficient  to  nrevent  the  stones, 
in  any  succeeding  course,  from  being  forced  outwardly. 

53.  A  circular  vault,  thus  balanced,  is  what  is  called  an  equilibrated  dome;  but  it  is  the  weakest  of 
all  vaults,  between  that  of  its  own  contour,  and  that  of  a  cone  upon  the  same  base,  rising  to  the  same 
height,  and  ending  in  a  key-stone,  or  finished  with  an  equal  circular  course. 

54.  From  these  data  we  may  conclude,  that  the  equilibrated  dome  has  the  boldest  contour,  but  is 
only  the  limit  of  an  indefinite  number  of  inscribed  circular  vaults,  all  stronger  than  itself. 
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55,  In  other  respects  circular  vaulting  differs  from  the  straight,  in  being  built  with  courses  in 
circular  rings  ;  so  that  the  stones  in  each  course  being  of  equal  length,  and  pressing  equally  towards 
the  axis,  cannot  slide  inwardly.     Hence  circular  vaults  may  be  left  open  at  the  top ;  and  even  the 
equilibrated  dome  may  carry  a  lantern  of  equal  gravity  with  the  part  that  would  have  been  necessary 
to  complete  the  whole.      But  domes  of  a  more  flat  contour  may  carry  more,  according  as  they 
approach  nearer  to  a  cone,  as  already  remarked  ;  and  those  circular  vaults  that  are  either  straight  or 
concave  on  the  sides,  may  be  loaded  without  limit,  and  can  never  fail  till  the  materials  are  crushed, 
provided  they  be  hooped  at  the  bottom. 

III.  STONE-CUTTING. 
[Plale  /.] 

56.  In  stone-cutting,  a  narrow  surface  formed  by  a  chisel,  or  point,  on  the  surface  of  a  stone,  so  as 
to  coincide  with  a  straight  edge,  is  called  a  draught. 

PROBLEM  L 
To  form  the  face  of  a  stone  into  a  Plane  surface. 

Run  a  draught  first  along  and  close  to  an  edge  of  the  stone  ;  and  then  another  along  and  close  to 
the  adjacent  edge,  meeting  the  former  draught.  Run  a  third  draught  along  the  diagonal,  so  as  to 
meet  the  other  two,  and  form  a  triangle  ;  then  run  a  fourth  draught  along  the  other  diagonal,  so  as 
to  pass  through  the  meeting  of  the  first  two,  and  through  the  first  diagonal  draught.  Then  reduce 
the  protuberant  parts  between  the  draughts  so  that  every  part  of  the  surface  may  coincide  with  the 
straight  edge,  and  be  in  a  plane  with  the  former  draughts.  The  reason  of  this  is  obvious,  since  the 
three  sides  of  a  triangle  are  always  in  one  plane. 

Plate  I.  Fig.  1,  exhibits  the  method  of  forming  the  face  of  a  stone  to  a  plane  surface.  No.  1, 
shows  the  first  two  draughts  along  the  edges  AD  and  AB  ;  No.  2,  the  first  two  draughts  AD,  AB, 
and  the  first  diagonal  draught  BD,  connecting  the  extremities  of  the  two  first  draughts  ;  and  No.  3» 
shows  all  the  four  draughts  AD,  AB,  AC,  and  BD. 

It  would  also  be  convenient  to  form  two  other  draughts  along  the  edges  CD  and  CB,  in  order  to 
reduce  the  surface  to  a  plane  in  the  easiest  manner,  and  to  prevent  the  edge  of  the  stone  from  break- 
ing within  the  surface. 

PROBLEM  n. 

To  form  a  Winding  surface. 

Run  four  draughts  along  the  edges  all  in  one  plane,  by  the  preceding  Problem ;  and,  having  wrought 
the  other  sides  to  a  square,  set  AH,  Plate  I.,  Fig.  2,  on  the  perpendicular  edge  equal  to  the  quantity 
of  winding,  and  draw  HD  and  HB  for  the  draught-lines. 

Draw  the  equidistant  lines  I  i,  mj,  n  k,  parallel  to  AH  ;  I  p,  m  q,  n  r,  parallel  to  AD ;  and  join  ip, 
y  q,  k  r ;  then  HD,  i  p,  j  q,  k  r  are  the  draught-lines. 

If  the  surface  be  now  reduced,  so  that  a  straight  edge  parallel  to  the  plane  AFGB  may  everywhere 
coincide  with  the  surface,  and  at  the  same  time  with  the  cross  draughts,  it  will  be  in  the  form  re- 
quired :  as  in  Fig.  2,  No.  2. 
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PROBLEM  III. 

To  reduce  the  face  of  a  stone  to  a  Spherical  surface. 

The  first  thing  is  to  curve  the  edge  of  a  rule  to  the  curvature  of  the  sphere.  Before  we  proceed 
further,  therefore,  we  may  show  how  this  is  done  ;  supposing  the  stone  to  be  four  feet  in  its  longest 
dimension  ;  and  the  radius  of  curvature  thirty  feet. 

Find  the  versed  sine  of  an  arc,  whose  chord  is  4  feet,  to  a  circle  of  which  the  radius  is  30  feet,  by 
Problem  Ixii.  PRACTICAL  GEOMETRY.  This  will  be  found  to  be  very  nearly  f  of  an  inch  ;  and  the 
segment  of  the  arc  may  be  described  by  Problem  liii.  PRACTICAL  GEOMETRY. 

Suppose  Plate  I.  Fig.  3,  Nos.  6  and  7,  to  be  the  rule  thus  formed ;  No.  5  to  be  a  portion  of  the 
arc  drawn  by  the  edge  of  the  rule  ;  and  No.  3  to  be  the  upper  face  of  the  stone  squared. 

Let  the  stone  of  which  the  surface  is  to  be  spherical  be  first  squared  as  in  No.  1,  and  let  the  chord 
a  b,  No.  5,  of  the  arc  a  I  b,  be  equal  in  length  to  the  diagonal  AC  or  BD,  No.  3.  Bisect  the  chord 
a  b,  No.  5,  by  the  perpendicular  c  I. 

In  No.  1  let  a  b  c  d  be  a  face  of  a  stone  ;  and  on  the  perpendicular  edges  make  af,bg,c  h,  d  e, 
each  equal  to  c  I,  the  versed  sine  of  No.  5.  In  No.  1  bisect  the  sides  a  b,  b  c,  c  d,  d  a,  in  the  points 
I,  m,  n,  k.  Join  I  n,  Tc  m,  meeting  in  i,  and  draw  I  p,  m  q,  n  r,  k  o,  on  the  perpendicular  faces  parallel 
to  the  edges  af,  b  g,  o  h,  d  e. 

In  the  chord  a  b,  No.  5,  make  c  g  and  c  f  each  equal  to  i  I,  or  i  n.  Draw  g  i  and  f  k,  perpendicular 
to  a  b,  meeting  the  arc  in  j  and  k. 

In  No.  1  make  I  p  and  n  r  each  equal  to  the  difference  between  g  i  or  f  k,  and  c  I,  No.  5. 

Again,  in  the  chord  a  b,  No.  5,  make  c  e  and  c  d  each  equal  to  i  k  or  t  m.  Draw  e  h  and  d  i  par- 
allel to  c  I,  meeting  the  arc  in  h  and  i.  In  No.  1  make  h  o  and  m  q  each  equal  to  the  difference 
between  h  e  or  d  i,  and  c  I,  No.  5. 

Then,  sinking  the  draughts  in  No.  1  from  the  lines  a  c,  b  d,  k  m,  I  n,  by  the  rule  No.  6,  we  shall 
be  enabled  to  form  the  convex  surface  of  the  stone. 

No.  4  is  the  same  as  No.  5,  except  that  the  chords  a  c,  a  d,  are  set  off  from  the  end  a. 

From  what  has  now  been  described  of  working  the  convex  face  of  a  stone,  No.  1,  the  process  of 
forming  a  concave  face  will  be  easily  understood.  The  rule  No.  7  applies  in  this  case ;  and  the  mode 
of  finding  the  draught-lines  is  shown  in  No.  2. 

57.  RAKING  MOULDINGS. 
iPlate  II.-\ 

Fig.  1,  Plate  II.  exhibits  the  elevation  of  a  pediment  with  modillions.  The  construction  of  a 
modillion,  as  B,  is  shown  in  Fig.  3. 

Fig.  2  shows  the  method  of  tracing  the  section  which  is  perpendicular  to  the  raking  or  inclined 
direction  of  the  moulding,  the  horizontal  one  being  given. 

Fig.  4  shows  the  same  for  a  Grecian  ovolo.  Draw  AB  perpendicular  to  the  horizontal  moulding, 
and  AP  perpendicular  to  AB.  Draw  PM  parallel  to  AB,  meeting  the  curve  in  M,  Mm  parallel  to  the 
raking-line,  and  aC  perpendicular  to  it.  Make  a  p  equal  to  AP,  and  draw  p  m  parallel  to  aC ;  then 
will  m  be  a  point  in  the  section  of  the  moulding.  In  the  same  manner  as  we  have  found  the  point  m, 
we  may  find  as  many  more  points  as  we  please. 

This  description  applies  to  Figs.  2,  3,  and  4. 
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Fig.  5  shows  a  method  of  tracing  the  angle-munnion  of  a  Gothic  window,  one  of  the  intermediate 
munnions  in  the  front  being  given. 

Let  AB  be  the  horizontal  line  of  front,  and  ABC  the  angle  ;  and  let  AD,  perpendicular  to  AB,  be 
the  central  line  of  the  section  of  the  given  munnion,  and  BE  bisect  the  angle  ABC.  In  BE,  or  BE 
produced,  take  any  point  a,  and  draw  a  p  perpendicular  to  aE. 

In  the  curve  No.  1  take  any  point  M,  and  draw  Mm  parallel,  and  MP  perpendicular  to  AB,  meeting 
AB  in  P.  Make  a  p  equal  to  AP,  and  draw  p  m  parallel  to  BE,  and  m.  will  be  a  point  in  the  section 
of  the  angle-munnion.  In  the  same  manner  as  the  point  m  has  been  found,  we  may  find  as  many 
more  points  in  the  section  No.  2  as  we  please. 

58.  ARCHES. 
[Plate  ///.] 

The  construction  of  an  arch  for  a  Gothic  window,  with  a  reveal,  and  label-moulding,  is  shown  in 
Plate  III. 

No.  1  is  an  elevation  of  the  inside  of  the  arch  ;  No.  2  a  plan  with  the  gplay  at  the  jambs,  and 
as  the  arch  rises  the  splay  decreases  so  as  to  be  level  at  the  crown.  No.  3  is  the  splayed  part  of 
the  first  arch  stone  as  ABC  ;  No.  4,  the  second  stone  DBF  ;  No.  5,  the  third  GHI  ;  and  so  on. 
No.  10  is  a  plan  of  one  of  the  beds  with  two  double  plugs  ;  No.  11  is  another  ;  and  No.  12  a  section 
of  the  label. 

59.  OBLIQUE  ARCHES. 

[Plate 


When  an  arch  intersects  a  wall  obliquely,  as  in  Plate  IV.,  and  we  have  given  the  plan  of  the 
jambs  HAG,  and  DEFG  ;  k  k  ashlar  joining  the  arch  ;  PKLQ  the  elevation  of  the  outer  face  of 
the  arch,  and  RMNS  the  inner  face  on  the  elevation  ;  Nos.  1,  2,  3,  4,  5,  on  the  elevation,  gives 
the  projection  of  each  joint  or  bed  from  the  face  ;  and  by  making  o  6  equal  to  the  breadth  of  the 
wall,  and  transferring  b  c,  e  f,  &c.  to  Nos.  1,  2,  3,  4,  5,  in  6  c,  6  e,  b  g,  the  bevels  of  the  beds  from 
the  face  are  found  ;  as  d  a  c,  d  a  e,  d  a  g,  &c.,  the  bevel  being  applied  across  the  bed  from  the  face. 
No.  11  is  the  arch-mould  applied  on  the  face  ;  No.  12,  a  shifting-stock  applied  from  the  face  across 
the  bed,  which  gives  the  exact  bevel  from  K  to  M  on  elevation  ;  No.  13  is  the  same  as  No.  1.  If 
r  g,  op,  mn,  the  bevel  of  the  joint,  be  continued  down  T  and  V,  it  will  be  found  to  be  square  from 
the  face  at  the  crown. 

60.  AN  ARCH  IN  A  CIRCULAR  WALL. 
[Plate  T.] 

In  Plate  V.  No.  1  is  an  elevation  of  the  arch  ;  and  No.  2  a  plan  of  the  bottom-bed  from  A  to  B. 
Fromp  to  o  is  what  it  gains  on  the  circle,  from  the  bottom-bed  to  the  joint  /;  from  »  to  m  is  the 
projection  from  the  bottom-bed  to  g  on  the  joint  ;  from  o  to  m  is  equal  to  the  projection  offg  at  the 
joint  ;  and  abed  shows  what  it  gains  on  the  circle  as  it  goes  round.  By  dropping  a  perpendicular 
line  from  the  bottom-bed  to  p,  and  from  /  to  o,  from  the  bottom-bed  inside  to  n  ;  also  from  g  to  m  ; 
and  then  squaring  from  those  lines,  where  they  intersect  with  the  plan,  we  obtain  the  proper  curves 
for  all  the  different  moulds.  Nos.  3  and  4  are  done  in  the  same  way.  In  No.  3,  p  o  is  equal  to  the 
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projection  of  /  h,  and  h  i  is  equal  to  that  of  o  m.  In  No.  4,  n  m  is  equal  to  that  of  k  I.  No.  5  is  a 
mould  for  bottom-bed  of  the  first  arch-stone,  g  s  being  equal  to  AB  on  the  plan,  No.  2;  r  s  equal  to 
a  c  ;  *  t  equal  to  Bn  ;  and  t  u  equal  to  p  n.  By  laying  the  plan  and  elevation  down  at  full  size,  and 
taking  the  same  methods,  the  arch  may  be  worked  without  any  difficulty.  No.  6  is  a  mould  for 
applying  on  the  bed  or  joint/  g.  No.  7  is  a  mould  for  the  bed  at  h  i.  No.  8  is  a  mould  for  the  bed 
k  I,  which  becomes  also  almost  straight  and  square  ;  and  No.  9  is  an  arch  or  face-mould.  Draw  two 
lines  on  the  face-mould  square  from  the  base  line  ;  then  run  two  chisel-draughts  straight  and  out  of 
winding  ;  next  draw  other  two  lines  across  the  face,  parallel  from  the  base  line,  and  run  two  draughts 
with  the  hollow  mould  as  found  from  the  plan  at  EF  ;  then  the  whole  face  may  be  worked  with  a 
straight  edge,  taking  care  to  apply  it  square  from  the  base.  There  may  be  as  many  upright  lines  as 
may  be  thought  necessary  to  work  the  stone  correctly. 

61.  CONSTRUCTION  OF  GROINS. 
\Plate  VL] 

The  first  preparation  is  to  lay  down  the  arch  at  full  size,  as  shown  in  Plate  VI.  (or  half  of  it  will 
do)  on  a  straight  floor,  or  on  a  piece  of  oil-cloth,  which  is  a  very  good  thing  for  the  purpose.  Then 
divide  out  the  number  of  courses  that  is  intended  to  be  in  the  arch,  as  1,  2,  3,  4,  5,  6,  7  ;  draw  all 
the  joints  of  half  of  the  arch,  and  draw  a  line  from  each  of  these  joints  level  or  parallel  to  the  base  ; 
make  a  correct  bevel  to  each  of  these  lines  ;  and  having  prepared  a  straight  face  of  an  arch-stone, 
square  it;  then  run  a  chisel-draught  round  where  the  point  of  the  mould  cuts  it  in  No.  1  section.  At 
2  and  3,  or  the  second  joint  from  the  keystone,  apply  the  bevel  as  shown  at  letter  I,  No.  2,  with  the 
arch-mould  applied  from  the  bevel.  In  No.  2  section,  the  bevels  are  found  in  the  same  manner  ;  as 
there  are  two  bevels  for  each  joint  of  a  quoin.  ABCD,  on  section  No.  1,  shows  the  size  of  the 
quoin-stones  ;  hijklmou  the  plan  of  the  ceiling  shows  the  same  quoin  when  fixed,  and  o  pqr  stu 
v  w  shows  its  face  and  beds  when  prepared  for  fixing;  3  letter  E,  shows  the  size  of  an  arch-stone  with 
the  bevel  and  mould  applied  ;  3  at  F,  3  at  G,  the  same  as  letter  E  ;  and  3  at  H  a  single  mould. 

68.  GOTHIC  GROIN. 


Iii  Plate  VII.  ABCD  is  the  plan  of  the  walls  of  a  Gothic  groin  ;  and  GDEF  the  plan  of  the  pillars 
from  whence  the  ribs  spring.  No.  1  is  a  section  showing  the  manner  of  connecting  the  ribs  with  the 
arch-stones,  as  kg,  I  a,  m  b,  n  h,  oc,  pd,  g  t,  r  e,  and  sf.  Prepare  the  rib,  the  height  of  two  courses 
of  the  arch-stones  ;  and,  at  every  third  course,  work  the  rib  on  quoin,  as  shown  on  the  section  from  « 
to  6,  or  from  t  to  M.  HL,IK  are  level  and  straight  ribs  intersecting  at  the  crown  of  the  arch,  and 
O  is  the  keystone.  No.  2  is  a  plan  of  the  ceiling  ;  No.  3,  a  section  showing  the  manner  of  connecting 
the  quoins,  as  y  u  x  t  w,  &c.  ;  No.  4,  the  keystone  with  the  mould  applied  ;  No.  5,  a  section  through 
the  keystone  ;  No.  6,  a  plan  of  the  keystone,  showing  the  intersections  of  the  angles  ;  No.  7,  the  plain 
surface  of  the  stone  with  lines  drawn  for  the  first  process.  No.  8  is  a  plan  of  the  course  at  a  on  the 
section  ;  No.  9,  a  plan  of  the  course  from  I  to  m  on  section.  No.  10  is  a  section  of  a  single  rib  with 
plugs.  It  is  much  stronger  to  do  the  arch  in  this  way  than  to  run  the  ribs  all  single,  as  they  are 
generally  done. 
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63.  RIBBED  GROINS. 
[Plate  VIII.} 

Plate  VIII.  shows  the  plan  of  a  groined  rib-vault,  formed  of  cuniconoidal  surfaces.  No.  I  is  the- 
section  across  AB  or  GH,  in  a  vertical  plane  passing  through  the  axis  of  the  pillars.  No  2  is  the 
Tib,  which  has  a /for  its  seat.  No.  3  is  one  of  the  diagonal  ribs  insisting  upon  its  seat  b  g  ;  No.  4, 
the  rib  which  has  c  h  for  its  seat ;  No.  5,  the  rib  which  has  d  i  for  its  seat ;  and  No.  6,  the  rib  which 
has  Fk  for  its  seat. 

Suppose  the  pillar  to  be  in  the  circumference  of  a  circle  of  which  the  centre  is  *,  and  let  the  arc  GF 
be  the  quadrant  of  the  circumference.  Divide  the  arc  GF  into  as  many  equal  parts  as  the  number  oi 
parts  between  the  ribs,  and  let  a,  b,  c,  d,  be  the  points  of  division. 

Draw  the  chord  aG,  and  produce  aG  to  meet  the  seat  of  the  apex  of  the  ribs  in  Q.  Through  P,  any 
point  in  aG,  draw  Qp  meeting  af  in  p. 

Join  6  a,  and  produce  it  to  meet  the  seat  of  the  apex  line  R.  Through  p  draw  Rp,  meeting 
a  g  in  p. 

Join  6  c,  and  produce  6  c  to  meet  the  apex  line  of  the  transverse  vault  in  S.  From  p  in  I  g,  draw 
pS,  meeting  c  h  in  p. 

Join  c  d,  and  produce  it  to  meet  the  seat  of  the  apex  line  of  the  transverse  vault  in  T.  From  p  in 
c  h,  draw  pT!  meeting  d  i  in  p. 

Join  dF,  and  produce  dF  to  meet  the  seat  of  the  apex  of  the  transverse  vault  in  U.  From  p  in 
d  i  draw  p~U  meeting  Fk  in  p. 

In  GO,  No.  1,  make  GP  equal  to  GP  on  the  plan,  Fig.  1  ;  in  af,  No.  2,  make  ap  equal  to  a  p  in 
a /on  the  plan;  in  6  g,  No.  3,  make  bp  equal  to  bp  in  b  g  on  the  plan,  Fig.  1,  and  so  on. 

Then,  supposing  the  rib  GML,  No.  1,  to  be  a  given  rib,  draw  PM  perpendicular  to  BC.  In  Nos. 
2,  3,  4,  &c.  draw  p  m  perpendicular  to  the  base,  and  make  p  m  in  each  equal  to  PM,  No.  1 ;  then  m 
will  be  a  point  in  the  curve  of  each  rib.  In  the  same  manner  we  may  find  as  many  points  as  we 
please  for  drawing  the  curve  of  each  rib.  Fig.  2  shows  one  quarter  at  equal  angles. 

64.  CONSTRUCTION  OF  SPHERICAL  DOMES. 

[Plate  IX.] 

In  this  example,  Plate  IX.,  the  stones  are  first  supposed  to  be  wrought  to  a  conical  surface.  The 
bevels  y  o  t,  x  u  s,  v  I  q,  &c. ;  then  apply  on  the  convex  surface  to  the  horizontal  joints,  the  circular  leg 
being  bent  upon  the  surface. 

ABC,  ABC,  &c.,  Nos.  2,  3,  &c.  are  the  bevels  that  apply  on  the  convex  surface  to  the  vertical 
joints.  Nos.  6  and  7  exhibit  the  bevels  for  working  the  conical  joints. 

The  versed  sines  W«,  X0,  Yy,  &c.  of  the  arcs  Nos.  2,  3,  4,  &c.  are  taken  from  No.  1,  between 
the  similar  letters  and  the  half-chords  w  t,  x  u,  y  v,  &c.  Nos.  2,  3,  4,  are  also  taken  from  the  dis- 
tances between  the  similar  letters  No.  1.  The  straight  leg  AB  of  the  bevel  bisects  the  chord  of  tho 
half  arc  of  Nos.  1,  2,  3,  &c.  perpendicularly. 
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65.  NICHES  IN  STRAIGHT  WALLS. 

[Plate  X.] 

These  decorations  consist  of  recesses  in  a  wall,  either  for  the  purpose  of  embellishment,  or  for  re- 
ceiviug  statues  or  other  ornaments.  They  may  be  formed  with  spherical  heads,  and  cylindrical 
backs,  or  entirely  with  hemispherical  backs,  or  with  spheroidal  backs,  having  the  transverse  or  con- 
jugate axis  of  the  ellipses  vertical,  as  may  best  comport  with  the  character  of  the  object  to  be  placed 
therein.  Those  with  spheroidal  backs  may  have  their  horizontal  sections  in  circles  of  different 
diameters,  and  consequently,  their  sections  through  the  vertical  axis,  all  equal  semi-ellipses,  similar 
to  each  other ;  or  all  their  horizontal  sections  may  be  similar  ellipses,  and  the  sections  through  the 
vertical  axis  of  the  niche  will  be  dissimilar  ellipses  of  equal  heights,  at  least  for  one  half  of  the  niche  ; 
but  spheroidal  niches  with  such  sections  are  difficult  of  execution,  and  more  pleasing  to  the  eye  than 
those  with  circular  horizontal  sections.  Among  the  works  of  the  Romans,  niches  have  either  a  circular 
or  rectangular  plan ;  the  heads  of  those  of  the  circular  kind  are  generally  spherical.  In  the  middle 
of  the  attic  of  Nerva,  at  Rome,  a  niche  is  seen  with  a  rectangular  elevation,  and  a  cylindrical  back 
and  head.  Those  upon  elliptic  plans  were  not  much  used  by  the  ancients  ;  though  in  Wood's  '  Ruins 
of  Palmyra,'  there  are  two  niches  with  elliptical  heads,  within  the  entrance  portico  of  the  Temple  of 
the  Sun  ;  but  the  author  has  given  no  plan  of  them.  Most  frequently,  those  upon  rectangular  plans 
have  horizontal  heads,  though  a  few  are  to  be  met  with  that  have  cylindrical  heads :  those  upon 
circular  and  rectangular  plans,  are,  for  the  sake  of  variety,  most  commonly  placed  alternately. 

66.  The  plans  of  niches  with  cylindrical  backs,  should  be  semicircular,  when  the  thickness  of  the 
walls  will  admit  of  it ;  and  the  depth  of  those  upon  rectangular  plans,  should  be  the  half  of  their 
breadth,  or  as  deep  as  may  be  necessary  for  the  statues  they  are  to  contain :  their  heights  depend  upon 
the  character  of  the  statues,  or  on  the  general  form  of  groups  introduced,  yet  seldom  exceeding  twice 
and  a  half  their  width,  not  being  less  than  twice.     Those  for  busts  only,  should  have  nearly  the  same 
proportion  in  respect  to  each  other.     In  some  cases  their  height  may  rather  exceed  the  measure  of 
their  breadth :  they  may  be  of  any  of  the  forms  used  by  the  ancients,  or  of  those  mentioned  at  the 
beginning  of  this  article. 

67.  In  point  of  decorations,  niches  admit  of  all  such  as  are  applicable  to  windows ;  and  whether 
their  heads  be  horizontal,  cylindrical,  or  spherical,  the  enclosure  may  be  rectangular.     In  antique 
remains,  we  frequently  meet  with  tabernacles  as  ornaments,  disposed  with  alternate  and  arched 
pediments ;  the  character  of  the  architecture  should  be  similar  to  that  placed  in  the  same  range 
with  them. 

68.  Niches  are  sometimes  disposed  between  columns  and  pilasters,  and  sometimes  ranged  alternately, 
in  the  same  level  with  windows :  in  either  case  they  may  be  ornamented  in  plain,  as  the  space  will 
admit,  but  in  the  latter,  they  should  be  of  the  same  dimensions  with  the  aperture  of  the  windows. 
When  the  intervals  between  the  columns  or  pilasters  happen  to  be  very  narrow,  niches  had  better  be 
omitted,  than  have  a  disproportionate  figure,  or  be  of  a  diminutive  size. 

69.  When  intended  for  containing  statues,  vases,  or  other  works  of  sculpture,  they  should  be  con- 
trived to  exhibit  them  to  the  best  advantage,  and  consequently  the  plainer  the  niche,  the  better  will 
it  answer  the  design,  as  every  species  of  ornament,  whether  of  mouldings  or  sculpture,  has  a  tendency 
to  confuse  the  outline. 

70.  Plate  X.  exhibits  the  various  modes  of  construction  that  may  be  employed  for  niches,  whether 
the  stones  be  laid  in  horizontal  courses,  or  in  courses  tending  to  a  centre,  according  to  the  number  of 
stones.     No.  1  is  the  plan  ;  and  No.  2,  the  elevation  in  each  of  the  six  figures. 
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71.  NICHES  IN  CIRCULAR  WALLS. 

[.Plate  XL] 

The  coustruction  of  a  niche  in  a  circular  wall  is  shown  in  Plate  XI.  No.  1  is  an  elevation  of  the 
niche  with  the  joints  of  the  stones  ;  No.  2,  a  plan  of  the  niche  at  the  springing;  No.  3,  a  plan  of  the 
top  of  the  arch-stones  of  the  niche ;  No.  4,  a  plan  of  the  top-bed  of  the  keystone,  No.  3  on  the  plan  ; 
No.  5,  a  section  of  keystone ;  and  No.  6,  the  keystone  turned  upon  the  top-bed,  showing  the  projec- 
tion from  A  to  B,  from  B  to  C,  and  from  C  to  L,  of  No.  5.  The  top-bed  and  rough  back  of  No.  6  is 
shown  in  the  section  of  No.  5  ;  and  No.  7  is  a  section  of  keystone  at  the  back.  GI  on  the  elevation 
is  the  level  bed  at  the  springing ;  klmno  pqrstu  are  joints  of  the  niche-stones  ;  ABCDEF  the 
plan  at  the  springing;  IL  the  centre  line,  GG  ashlar,  HH  the  plan  of  the  springing-stones  of  the 
niche.  By  laying  down  the  plan,  elevation,  and  section  at  full  size,  the  execution  is  rendered  easy. 

72.  ARCHITRAVES  OVER  COLUMNS. 
[Plate  XII.] 

When  columns  are  at  a  considerable  distance  apart,  the  difficulty  of  supporting  an  architrave  of 
stone,  from  column  to  column,  is  not  easily  overcome.  Where  the  stone  will  bear  its  own  weight  with 
safety  the  following  method  is  one  of  the  best  in  use.  In  Plate  XII.,  Fig.  1,  No.  1  is  a  plan,  elevation, 
and  section  of  an  architrave  over  columns  ;  ABODE  being  a  plan  of  the  top-bed  of  the  architrave, 
with  a  chain  bar  of  wrought  iron,  and  collars  let  in  flush  with  the  top-bed,  and  run  with  lead.  ABCD 
is  an  elevation  of  the  architrave ;  efgh,&  brick  arch  over  architrave,  to  relieve  it  of  the  weight  of  the 
upper  parts  ;  xy  z,  a  section  through  the  middle  at/,  showing  the  tail  of  the  cornice  on  the  crown  of 
the  brick-arch  to  take  part  of  the  weight  off  the  stone  ;  x  shows  the  springer  for  the  brick-arch  both 
ways  ;  i,  the  end  of  frieze,  &c.,  and  Is  is  a  piece  of  iron  let  into  both  stones  to  prevent  the  springer 
moving ;  it  has  no  other  abutment.  No.  2  is  the  end-elevation  of  C  the  stone  over  the  column ;  D  is 
another  middle  stone  to  join  C ;  I  m  n  op  is  a  dotted  line  showing  the  joggle  joint,  and  q  r  the  upright 
joint,  seen  at  u  u  u  in  No.  2.  The  end  v  w  corresponds  to  mn  op.  In  No.  1,  t  is  the  rope  with  the 
lewis  let  into  the  stone. 

73.  Description  of  the  Lewis.] — In  Plate  XII.,  Fig.  2,  No.  1,  is  an  elevation  of  the  Lewis ;  No.  2,  a 
section  ;  No.  3,  the  bolt ;  No.  4,  the  ring ;  No.  5,  the  outside  piece  ;  No.  6,  the  middle  piece  ;  and 
No.  7,  the  coteral.  In  No.  5,  when  the  two  are  put  together,  they  should  be  three-eighths  of  an  inch 
wider  at  the  bottom  than  the  three  when  put  together  at  the  neck  under  the  bolt;  and  the  two  outside 
pieces  should  always  be  made  straight.  Some  masons  make  them  hollow,  but  we  think  this  is  a  bad 
plan,  for  when  they  are  made  so,  they  bear  too  mucli  at  the  point ;  whereas  when  made  straight,  they 
bear  more  regularly  all  the  way  up. 

74.  STAIRS. 
[Plates  XIII.  and  XIV.] 

No.  1,  Plate  XIII.  is  a  plan  of  the  staircase ;  No.  2,  a  development  of  the  well-hole  end  of  tho 
steps  laid  down  at  full  length.  ABCDEF  is  the  line  of  the  soffit,  showing  the  quoin-ends  of  winders 
and  flyers,  with  the  rabbet  drawn  square  from  the  soffit  at  the  quoin  ends  of  tho  winders,  as  g  hi.  By 
laying  down  the  section  from  B  to  E  at  full  size,  we  determine  the  quantity  the  stone  should  be  hollow 
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or  round  at  BCDE ;  and  AB  being  a  section  of  two  flyers  and  two  winders  at  the  wall-line,  BC  a 
section  across  the  end,  and  CD  two  winders  and  two  flyers,  by  laying  these  sections  down  at  full  size, 
it  is  at  once  seen  where  the  soffit  will  be  crippled,  and  how  to  avoid  it.  The  steps  can  be  made  easy 
to  the  eye  ;  and  by  making  all  the  joints  of  the  winders  square  from  the  rake,  the  stone  is  stronger, 
it  is  not  liable  to  flush,  and  the  back-rabbet  will  wind  the  same  as  the  soffit.  When  the  rabbet  of 
the  winders  is  cut  in  with  the  same  mould  as  the  flyers,  it  leaves  a  very  acute  angle,  and  liable  to 
be  broken  off. 

75.  Plate  XIV.  shows  another  staircase.  No.  1  is  the  plan  ;  A,  the  bottom  or  first  step,  BC,  the 
top-landings.  Fig.  1,  No.  2,  is  a  section  of  the  staircase.  The  first  flight  from  A  to  No.  1  can  be 
done  without  any  support,  by  using  an  additional  thickness  of  stone,  as  shown  on  the  section  from  E 
to  D  shaded  dark,  and  by  making  all  the  back-rabbets  be,  b  c,  be,  arch  joints.  Fig.  2,  No.  1,  is  an 
elevation  of  the  sixth  step,  showing  the  rabbet  with  two  iron  plugs,  an  inch  square,  let  into  each  stone 
2i  inches,  and  by  working  off  the  additional  thickness  about  12  or  15  inches  in  from  the  end  with  an 
ogee,  it  does  not  offend  the  eye.  No.  2  is  an  elevation  of  the  end  of  one  step,  showing  the  plugs  the 
other  way.  At  F  on  the  section,  the  soffit  should  join  the  landing  with  a  hollow.  Wherever  landings 
go  into  a  wall,  a  course  of  stout  Yorkshire  paving,  or  of  thin  landings,  should  be  laid ;  over  that,  three 
courses  of  bricks  with  sand,  nine  inches  in ;  and  over  that,  another  course  of  landings  to  go  through 
the  whole  thickness  of  the  wall.  When  the  staircase  is  ready  for  fixing,  the  bricks  are  taken  out  with 
little  trouble,  and  without  injuring  the  wall  in  the  least.  The  landings  in  all  public  buildings  should 
be  done  so. 

76.  STEPS  OVER  AN  AREA  TO  AN  ENTRANCE  DOOR. 
[Plate  XV.] 

In  Plate  XV.  No.  1  is  an  elevation  of  the  steps ;  No.  2,  a  plan ;  No.  3,  a  section,  and  No.  4,  a 
section  of  the  second  step;  where  a/,  be,  are  the  rabbets  made  arch-joints,  the  stones  being  thicker 
and  each  joint  plugged.  By  building  a  brick  pier  from  A  on  the  section,  one  at  each  end  of  the  step, 
the  steps  will  be  sufficient  without  a  brick  arch  below  them. 


SECTION   II. 
BRICKLAYING. 

Definition,  1 Brick  bond  2 — 8 Groin  vaults,  9. 

1.  BRICKLAYING  is  the  art  of  building  with  bricks  ;  and  as  bricks  are  prepared  of  the  forms  most 
commonly  required  in  the  construction  of  edifices,  the  art  is  in  a  great  measure  limited  to  the 
methods  of  bonding  together  bricks,  so  that  the  joint  effect  of  the  adhesion  of  the  mortar,  and  tho 
over-lapping  of  the  bricks,  called  bond,  may  produce  the  strongest  work  possible.     See  articles  57  to 
72  of  Part  I.,  Sect.  I. 

BRICK  BOND. 

2.  Where  the  greatest  degree  of  strength  is  the  chief  object  of  tho  Builder,  it  is  best  to  dispose 
all  the  bricks  in  every  second  course,  with  the  length  in  the  direction  of  the  wall.     The  bricks  thus 
laid  are  called  stretchers.     The  length  of  the  bricks  of  all  the  intermediate  courses  should  be  across 
the  wall ;  the  bricks  so  laid  being  called  headers.     The  wall  is  thus  composed  of  alternating  courses 
of  headers  and  stretchers,  with  the  joints  crossed  ;  and  the  strength  is  the  greatest  that  can  be 
obtained  with  rectangular  bricks.     This  mode  of  construction  should  be  employed  in  all  rough  works, 
and  for  walls  to  be  covered  with  stucco.     It  is  called  Old  English  land.     See  articles  67  and  68  of 
Part  I.,  Sect.  I. 

3.  In  order  to  render  the  apparent  joints  similar  in  all  the  courses — a  circumstance  which  con- 
tributes much  to  the  appearance  of  good  brickwork — each  course  is  composed  of  alternate  headers 
and  stretchers,  crossing  the  joints  of  the  adjacent  courses,  and  also  with  the  header  crossing  the 
middle  of  the  stretcher  of  the  course  below  it.     This  disposition  is  called  Flemish  bond,  and  should 
be  used  in  finished  brickwork,  and  where  the  work  is  jointed.     It  is  defective,  however,  in  strength, 
particularly  at  the  angles  ;  hence,  good  mortar  is  essential  where  this  kind  of  bond  is  used. 

4.  The  strongest  bond  is  produced  by  the  Dutch  method  of  disposing  the  bricks  diagonally,  in 
respect  to  the  face  of  the  wall,  and  with  the  joints  crossed.     The  apparent  surface  of  the  work  being 
afterwards  dressed  smooth  and  rubbed,  it  appears  very  uniform  and  neat.     The  waste  of  material, 
and  the  amount  of  labour  necessary,  will  prevent  this  method  being  used,  except  by  the  curious. 

5.  The  bed-joints  of  brickwork  should  not  be  more  in  thickness  than  the  size  of  the  largest  grains 
of  sand  in  the  mortar.     The  usual  allowance  is  3  inches  for  the  brick  and  joint ;  but  unless  the 
bricks  be  thicker  than  they  are  in  general,  this  allowance  is  too  much ;  and  for  kiln-burnt  bricks  it 
is  sometimes  too  little ;  contractors  being  in  such  cases  compelled  to  lay  bricks  with  too  little  mortar, 
— a  defect  more  serious  than  of  using  too  much.     By  the  rule  above,  the  difficulty  of  the  ordinary 
method  is  avoided.     The  distance  of  the  screen  wires  should  correspond  with  the  thickness  of  the 
joints. 

6.  Mortars  and  cements  are  prepared  in  the  same  manner  for  brickwork  as  for  masonry ;  (see 
articles  45 — 92,  Part  I.,  Sect.  II. ;)  but  it  requires  more  attention  in  building  with  brick  to  keep  their 
surfaces  free  from  dust.     If  the  surface  of  a  brick  be  coated  with  loose  sand  or  dust  when  it  is  laid, 
the  mortar  will  not  adhere  to  it ;  hence,  all  such  dust  or  sand  should  be  removed  by  washing,  and 
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brushing  the  bricks  iu  water  ;  and  it  is  further  desirable  (as  stated  iu  art.  70,  Part  I.,  Sect.  II.)  to 
hare  the  bricks  well-wetted  before  laying  them  in  dry  weather. 

7.  The  preparation  of  bricks  for  arches,  niches,  &c.,  is  dependent  on  the  same  geometrical  principles 
as  the  like  works  in  masonry ;  differing  only  in  the  size  of  the  masses  used,  and  the  methods  of  cutting 
them  to  their  proper  form.     The  joints  of  niches  generally  radiate  from  a  centre,  as  in  Figs.  3  and  4, 
Plate  X. ;  and  in  No.  1,  Plate  XI.  •  In  vaulting,  the  chief  difficulty  is  in  the  preparation  of  the 
centring,  particularly  in  the  case  of  intersecting  on  groined  vaults  ;  the  manner  of  doing  which  may 
be  understood  from  the  following  example. 

8.  Light  brick-arches  require  no  other  particular  care  than  to  have  the  joints  of  the  string-courses 
perpendicular  to  the  surface  of  the  soffit.    The  bricks  are  usually  laid  on  an  end  on  the  centre.    Heavy 
brick-arches,  above  2  feet  in  thickness,  if  the  curvature  of  the  arch  is  considerable,  require  great  care 
in  the  arrangement  of  the  bond  in  order  to  procure  the  utmost  solidity,  by  placing  the  greatest  num- 
ber of  bricks  in  the  arch,  and  the  greatest  strength,  by  the  connection  of  the  different  courses.    Were 
the  bricks  so  laid  that  the  joints  between  each  string-course  were  continuous  from  the  soffit  to  the 
back  of  the  arch,  however  close  the  joints  might  be  at  the  soffit,  they  would  be  very  open  at  the  back; 
and  the  strength  of  the  arch  would  therefore  depend  on  that  of  the  mortar  in  the  joints ;  unless  the 
precaution  was  taken  to  fill  in  the  joints  with  fragments  of  slate  closely  packed  as  the  successive 
courses  of  brick  are  laid  from  the  soffit  to  the  back,  an  operation  which  would  present  considerable 
practical  difficulty  iu  preserving  the  proper  direction  of  the  joints.     On  the  other  hand,  were  the 
bricks  laid  in  successive  courses  over  the  soffit,  or,  as  it  is  termed,  in  shells,  the  greatest  possible 
number  of  brick  would  then  be  laid  in  the  arch  ;  but  as  there  would  be  no  other  union  between  the 
successive  shells  than  the  mortar  between  them,  it  is  to  be  apprehended  that  they  might  easily 
separate  should  any  motion  take  place  iu  the  arch,  and  the  whole  mass  would  therefore  offer  but  little 
comparative  resistance.     Hence,  to  unite  the  advantages  of  the  two  methods,  the  entire  arch,  (Plate 
XVI.,  fig.  1,)  should  be  divided  into  several  portions,  by  joints  running  entirely  through  from  the 
soffit  to  the  back,  the  brick  being  laid  in  these  successive  portions  alternately  in  shells,  and  in  blocks, 
with  joints  running  entirely  through  the  arch  from  the  soffit  to  the  back.     Any  bond  may  be  adopted 
for  the  portions  laid  in  shells.     If  the  arch  is  not  more  than  three  feet  in  thickness,  a  very  solid  mass 
can  be  obtained  by  dividing  the  thickness  into  two  equal  shells.     In  the  arrangement  here  explained, 
the  blocks,  in  which  the  joints  run  entirely  through,  should  not  consist  of  more  than  three  or  four 
bricks  in  thickness  estimated  along  the  curve  of  the  soffit.     The  bricks  which  form  the  key  of  the 
arch  require  to  bo  laid  with  great  care.     The  first  course  on  the  soffit  may  be  formed  (Plate  XVI., 
fig.  2,)  of  a  thickness  of  three  bricks  laid  on  their  ends  in  very  thin  tempered  mortar,  and  well 
wedged  in,  if  necessary,  with  pieces  of  strong  slate.      The  next  course  should  be  formed  of  five 
bricks  laid  also  on  an  end,  and  forming  continuous  joints  with  those  below  them.    This  course  can  be 
laid  in  grout;  for,  by  dividing  the  length  of  the  course  into  several  compartments  separated  by  a  single 
row  of  bricks  laid  iu  mortar,  the  grout  may  be  first  poured  into  these  compartments,  and  the  bricks 
be  set  in  it,  and  the  joints  be  then  filled  with  pieces  of  slate.     The  third  and  following  courses  are 
laid  in  a  similar  manner ;  increasing  the  thickness  of  each  successive  course  by  two  bricks. 

GHOIN  VAULTS. 

[Plate  XF7/.] 

!).   Plate  XVII.  exhibits  the  plan  and  elevation  of  a  series  of  groin  vaults. 

Fig.  1  is  the  plan.     The  cross  linos  which  extend  from  the  angles  are  the  seats  of  the  groins, 
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which  are  the  intersections  of  the  upper  surfaces  of  the  boards.  The  hyperbolic  curves  within 
the  cross  lines  are  the  seats  of  the  intersections  of  the  under  sides  of  the  boards  of  the  side  arches, 
with  the  upper  surfaces  of  the  boards  of  the  large  arch,  and  the  two  side-arches  parallel  to  the 
large  arch. 

Fig.  2  is  an  elevation  or  section  of  the  principal  vault,  and  the  two  side-vaults, 

Fig.  3  a  transverse  elevation  or  section  of  the  crossing  vaults. 

Figs.  4,  5,  and  6  exhibit  the  moulds  for  bending  over  the  boarding,  in  order  to  find  the  true  inter- 
sections agreeable  to  the  seats  on  the  plan. — See  Part  VII.  On  THE  DEVELOPMENT  OF  SURFACES,  AND 
OBTHOPKOJECTION. 


SECTION    III. 
CARPENTRY. 

Definitions,  1,  2 Of  Frame- work  in  general,  3,  4. Expressions  for  strength  of  materials,  5 Principles  of 

arranging  Frame-work,  6 — 8.         Joints,  9,  10 Built  Beams,  11 — 14 Scarf  Joints,  15,  16. Scarfing  Beams, 

17 Methods  of  joining  timbers,  18,  19 Naked  Flooring,  20. Truss  Girders,  21 Roofs.     Timbers  in  a 

Roof  defined,  22 Construction  of  Hipped  Roofs,  23 — 29. Trusses  Executed,  30. Circular  Roofs  or  Domes, 

31 Conic  Roofs,  32,  33. Trussed  Partitions,  34 Construction  of  Niches,  35—42 Pendentive  Ceilings, 

43^45. Timber  Bridges,  46—48 Frames,  49 First  Class,  .50—53. Second  Class,  51—56. Road- 
way, 57—59 Notices  of  different  Timber  Bridges,  60—62. Moveable  Bridges,  63—66 Centring,  67—01. 

1.  CARPENTRY  is  the  art  of  arranging  beams  of  timber  for  the  various  purposes  to  which  they  are 
applied  in  structures. 

2.  The  term  frame  is  applied  to  any  combination  of  beams  firmly  connected  with  each  other. 

3.  The  frame-work  of  a  structure  may  be  supported  either  by  suspending  it  from  fixed  points  above 
it,  or  by  resting  it  on  fixed  points  below  it.     In  both  cases  the  arrangement  must  be  such  as  to  pre- 
sent a  state  of  stable  equilibrium.    When  the  frame  is  suspended  from  fixed  points  above  it,  this  state 
of  equilibrium  will  exist,  whatever  may  be  the  degree  of  flexibility  of  the  figure  of  the  frame  ;  but 
when  the  frame  is  supported  from  beneath,  the  arrangement  of  the  parts  of  the  frame,  in  order  that 
this  state  shall  exist,  must  present  a  figure  of  an  invariable  form. 

4.  As  the  frames  of  structures  are  generally  supported  from  beneath,  the  first  point  to  be  attended 
to  in  their  arrangement  is  to  combine  the  pieces  to  obtain  a  figure  presenting  an  invariable  form. 
This  is  effected  by  making  such  a  disposition  of  the  principal  beams  of  the  frame,  that  the  pressures, 
thrown  on  its  different  points,  shall  be  transmitted  in  right  lines,  parallel  to  the  fibres  of  these  pieces, 
directly  to  the  points  of  support.    By  this  disposition  the  pressure  will  be  thrown  directly  on  the  fixed 
points,  and  will  have  no  tendency  to  change  the  figure  of  the  frame  by  an  action  on  those  beams  which 
do  not  immediately  rest  on  these  points.    As  an  arrangement  of  this  nature  is  not  always  practicable, 
it  will  be  necessary,  in  some  cases,  to  adopt  a  disposition  in  which  counteracting  pressures  may  come 
into  play  ;  by  placing  the  beams  in  such  positions,  that  a  pressure,  whose  line  of  direction  does  not 
pass  through  a  fixed  point,  will  be  destroyed  by  an  equal  one  in  an  opposite  direction. 

The  pressure  on  each  beam  in  the  frame,  as  well  as  the  line  of  its  direction,  can  be  determined  by 
the  laws  of  statics ;  and  the  size  of  the  beam  must  be  so  regulated  that  the  effects  of  the  pressure 
shall  not  impair  its  elastic  force. 

The  points  of  junction  of  the  beams — which  are  termed  the^'ointe — must,  moreover,  be  firmly  con- 
nected, by  proper  artificial  means,  to  prevent  any  yielding  at  those  points. 

The  beams  composing  the  frame-work  of  a  structure  may  be  either  straight  or  curved.  The  positions 
of  the  straight  beams  may  be  either  horizontal,  vertical,  or  inclined  ;  and  they  may  rest  on  one  or 
more  points  of  the  support.  As  the  directions  of  the  pressures  may  be  either  perpendicular,  parallel, 
or  oblique,  to  the  fibres  of  the  beams,  it  will  be  necessary,  in  the  first  place,  to  determine  their  nu- 
merical values  in  the  different  cases  here  assumed. 

5.  The  algebraical  expressions,  relative  to  the  flexure  and  rupture  of  beams  for  the  most  simple 
cases,  are  given  in  Appendix  G.    The  expressions  which  apply  to  the  laws  of  rupture  in  the  cases  that 
most  usually  occur  in  frame-work,  are  added  in  Appendix  H. 

6.  In  the  arrangement  of  every  system  of  frame-work,  as  one  of  the  main  objects  is  to  procure  a 
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figure  of  an  invariable  form,  such  a  disposition  of  the  parts  must  be  made,  that  any  pressure  on  ono 
part  which  may  have  a  tendency  to  produce  a  change  of  figure,  shall  be 'counteracted  by  some  other 
part.  The  simplest  manner  of  producing  this  effect  is  to  combine  the  parts  of  the  frame  to  form  a 
series  of  triangular  figures  ;  because  no  change  can  take  place  in  these  figures  without  the  pieces 
forming  their  sides  becoming  shorter  or  longer  by  a  force  either  of  compression  or  of  extension.  If 
therefore  any  of  the  main  pieces  of  a  frame  intersect  each  other,  forming  quadrilateral  figures,  it 
will  be  necessary  to  introduce  other  pieces  placed  in  the  direction  of  the  diagonals  of  the  quadri- 
laterals, for  the  purpose  of  counteracting  any  tendency  to  a  change  of  form  in  these  figures.  An 
arrangement  of  this  character,  generally  termed  diagonal  bracing,  is  used  for  all  frame- work  requiring 
great  strength  and  stiffness. 

7.  The  pieces  in  a  system  which  resist  a  compressing  force  are  usually  termed  struts ;  those  that 
counteract  a  force  of  extension  are  termed  ties;  and  those  which  are  used  to  add  stiffness  to  the  frame, 
by  preventing  any  tendency  to  flexure  in  the  other  parts,  are  termed  braces. 

8.  It  is  important  that  the  different  pieces  of  a  frame  should  be  as  little  grain  cut  as  possible,  that 
is,  cut  in  a  direction  oblique  to  the  natural  fibres,  otherwise  their  strength  would  be  greatly  impaired. 
Beams,  the  cross  sections  of  which  are  the  same  throughout,  and  of  a  rectangular  form,  are,  on 
this  account,  mostly  used  for  frames.     In  some  cases  of  resistance  to  a  cross  strain,  it  might  be 
preferable  to  use  a  beam  whose  longitudinal  section  should  be  of  the  form  of  a  solid  of  equal  resist- 
ance ;  but  as  these  solids  present  less  resistance  to  flexure  than  rectangular  beams  having  a  uniform 
depth,  equal  to  the  greatest  depth  of  the  solid  of  equal  resistance,  and  as  stiffness  is,  in  almost  every 
practical  case,  of  as  much  importance  as  ultimate  strength,  the  rectangular  beam  of  uniform  depth  is 
to  be  preferred.* 

9.  Joints.] — The  bearing  surface  of  the  joints  should  be  as  great  as  the  nature  of  the  case  will 
permit,  in  order  to  prevent  the  joint  from  being  crippled,  either  by  the  indentation,  or  crushing  of 
the  fibres  of  the  parts  in  contact.     The  bearing  surface  of  the  joints  should,  moreover,  be  perpen- 
dicular to  the  directions  of  the  pressure  on  them,  to  prevent  any  tendency  to  sliding  on  either  of  the 
surfaces. 

10.  In  arranging  the  joints,  the  simplest  forms  that  are  most  suitable  to  the  object  in  view,  should 
be  adopted,  in  order  that  there  may  be  the  least  inconvenience  in  obtaining  an  accurate  fit  of  the  parts. 
The  parts  should  not,  in  all  cases,  fit  close  ;  but  allowance  should  be  made  for  the  settling,  arising  from 
the  shrinking  of  the  fibres,  and  the  new  direction  of  the  pressures  which  may  arise  from  this  cause. 
If  this  allowance  were  not  made,  the  pieces  would  frequently  be  liable  to  split  and  give  way  at  the 
joints.    In  cases  of  this  character  in  heavy  frame-work,  it  is  recommended  to  make  the  surfaces  of  the 
joints  circular,  as  the  surfaces  would  then  continue  in  contact  should  any  change  take  place  in  the 
position  of  the  pieces  from  settling,  or  any  other  cause. 

11.  Built  beams.] — To  procure  as  great  strength  as  the  nature  of  the  case  will  admit  of,  the  different 
courses  of  a  built  beam  must  be  connected  in  such  a  way  that  they  will  not  slide  on  each  other  when 
submitted  to  a  cross  strain.     This  may  be  effected  either  by  placing  pieces  of  hard  wood  in  notches 
cut  in  the  beams,  as  represented  in  Plate  XVI.,  fig.  3 ;  or  else,  by  indenting  the  beams  as  repre- 
sented in  Plate  XVI.,  fig.  4.    The  courses  are  then  firmly  connected  by  screw  bolts,  or  by  iron  hoops, 
or  by  a  stirrup  which  will  admit  of  being  tightened  if  the  stirrup  works  loose  from  the  shrinking  of 
the  fibres,  or  from  any  other  cause. 

12.  The  keys  of  hard  wood  may  be  either  simple  blocks  of  a  rectangular  form,  or  double  wedges 
which  will  admit  of  being  driven  in  the  notch  for  the  purpose  of  bringing  the  surfaces  in  close 

On  the  subject  of  Flooring,  the  reader  may  advantageously  consult  Tredgold's  '  Principles  of  Carpentry.' 
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contact.     This,  however,  requires  care  iii  practice,  as  the  wedges,  if  driven  in  with  force,  might 
cripple  the  fibres. 

13.  The  position  of  the  indents  should  be  regulated  to  prevent  the  courses  from  sliding.     It  has 
been  recommended  in  built  beams  formed  of  two  courses,  to  make  the  upper  course  of  two  separate 
pieces,  abutting  against  an  iron  bolt,  termed  a  king  bolt :  as  experiment  has  shown  that  a  beam 
sawed  across  at  top,  to  a  depth  nearly  one-third  of  the  entire  depth,  having  a  piece  of  hard  wood 
inserted  into  the  cut  of  the  saw,  offered  more  resistance  to  a  cross  strain  than  a  whole  beam. 

14.  The  more  perfect  the  contact  between  the  courses,  the  stronger  will  be  the  beam  ;  but,  as  the 
joints  between  the  courses  can  never  be  made  so  close  as  to  exclude  water,  it  will  be  best,  in  cases 
where  the  built  beam  is  exposed  to  the  weather,  to  use  keys  instead  of  indents,  and  to  leave  sufficient 
space  between  each  course  for  the  circulation  of  the  air,  in  order  that  moisture  may  not  bo  retained 
long  enough  in  the  joint  to  cause  the  rot. 

15.  Scarf  joints.] — When  it  is  necessary  to  unite  two  beams  at  their  ends,  the  simplest  and 
strongest  method  consists  in  placing  the  two  pieces  end  to  end,  and  confining  them  in  this  position 
by  two  or  four  pieces  bolted  on  two  or  four  of  the  sides,  as  the  case  may  require.     This  method  is 
termed  fishing  a  beam  ;  it  is  used  only  for  rough  heavy  work.     The  side  pieces  may  be  simply  con- 
fined by  screw  bolts ;  or  else  they  may  be  connected  with  the  main  pieces  by  keys,  or  indents. 

16.  When  the  beam  is  required  to  bo  of  the  same  thickness  throughout,  a  joint,  termed  a  scarf,  is 
used  in  place  of  fishing.     The  form  of  the  scarf  will  depend  on  the  nature  of  the  strains  to  which  the 
beam  is  to  be  submitted. 

17.  SCARFING  BEAMS. 
[Plata  XVIII.  and  XIX.] 

Several  examples  of  the  forms  of  joints  for  lengthening  timbers,  or  scarfing,  are  shown  in 
Plate  XVIII. 

Fig.  1  is  a  plain  scarf  with  parallel  surfaces  bolted  together.  The  parts  are  shown  separated 
in  Fig.  2. 

Fig.  3  is  a  scarf  with  an  oblique  joint  bolted  together  ;  and  Fig.  4  shows  the  two  parts  separated. 

Fig.  5  is  a  scarf  with  parallel  surfaces  tabled  together,  so  that  a  pair  of  wedges  may  be  applied  to 
tighten  the  joint.  The  parts  are  shown  asunder  in  Fig.  6. 

Fig.  7  is  a  scarf  with  oblique  surfaces  made  to  tighten,  by  means  of  a  pair  of  wedges.  Fig.  8 
shows  the  parts  separated. 

Plate  XIX.,  Figs.  1  to  4,  show  different  modes  of  bolting,  and  of  forming  the  scarfs  described  in 
the  most  simple  form  on  the  last  plate. 

Figs.  5  and  6  show  methods  of  joining  where  the  timbers  have  to  resist  a  lateral  stress ;  Fig.  6 
applying  to  the  case  where  the  timbers  are  too  short  to  join  without  addition. 

Figs.  7  and  8,  represent  methods  of  building  beams  out  of  smaller  timbers. 

Fig.  9  is  a  very  good  kind  of  scarf,  only  difficult  to  execute.     Fig.  10  shows  the  parts  separated. 

18.  METHODS  OF  JOINING  TIMBERS. 

[Plate  XX.) 

Various  methods  of  joining  timbers  are  shown  in  Plate  XX. 

Fig  1  is  a  common  joint  where  the  two  pieces  aro  halved  upon  each  other.     Nos.  1  and  2  are  the 
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two  pieces  before  the  surfaces  are  brought  into  contact ;  Nos.  3  and  4  exhibit  another  method.  In 
this  case,  the  end  of  one  piece  does  not  pass  the  outer  surface  of  the  other. 

Fig.  2  shows  methods  of  joining  timbers  where  the  end  of  each  piece  passes  the  end  of  the  other 
to  a  small  distance. 

Fig.  3  shows  how  two  timbers  are  joined  by  miteriug  them  together.  In  this  case  the  two  pieces 
ought  to  be  fixed  together  with  a  bolt  at  right  angles  to  the  mitre  joint. 

Fig.  4  shows  how  one  piece  of  timber  is  joined  to  another,  when  one  of  the  pieces  is  extended  on 
both  sides  of  the  other  piece. 

19.  In  heavy  frame-work,  the  strain  on  the  joints  is  very  great,  and  every  precaution  should  there- 
fore be  taken  to  prevent  the  surfaces  in  contact  from  being  crippled,  as  well  as  any  displacement  of 
the  pieces.  This  can  only  be  effected  by  making  the  bearing  surfaces  as  great  as  possible,  and  by 
securing  the  pieces  by  a  judicious  arrangement  of  the  bolts  and  straps.  In  addition  to  these,  it  has 
been  proposed  to  insert  pieces  of  lead,  or  iron,  between  the  bearing  surfaces,  to  prevent  the  crippling 
of  the  fibres. 

20.  NAKED  FLOORING. 
[Plates  XXI.  and  XXII.] 

Plate  XXI.  exhibits  the  construction  of  a  double  floor. 

The  large  piece  of  timber  in  the  middle  is  called  a  girder. 

The  pieces  of  timber  which  are  supported  by  the  wall  and  the  girder,  and  which  appear  to  run  in 
a  transverse  direction  to  the  girder,  are  called  binding-joists. 

The  pieces  of  timber  which  are  supported  by  the  binding-joists,  and  fixed  near  the  lower  edges  of 
them,  and  which  are  parallel  to  the  girder,  are  called  ceiling-joists. 

The  pieces  of  timber  that  appear  upon  the  walls,  and  which  support  the  binding-joists,  are  called 
the  wall-plates. 

The  pieces  of  timber  that  run  parallel  to  the  girder  and  over  the  binding-joists,  are  called 
bridging-joists. 

The  bridging-joists  are  those  next  to  the  wall  where  the  chimney  is  shown,  and  prevent  the  binding- 
joists  and  ceiling-joists  from  being  seen.  For  this  reason  the  bridging-joists  are  removed  in  the  other 
half,  in  order  to  show  the  binding  and  ceiling  joists. 

Fig.  2,  No.  1,  shows  the  plan  of  the  floor  ;  and  No.  2,  a  section  of  the  same,  drawn  in  the  manner 
of  working  drawings. 

Plate  XXII.  contains  the  parts  to  a  larger  scale,  to  show  the  mode  of  making  the  joints. 

Fig.  1  exhibits  the  manner  of  joining  the  binding-joists  and  girders. 

No.  1,  girder  with  binding-joists  on  each  side  of  it  joined  together. 

No.  2,  a  binding-joist  prepared  for  being  joined  to  the  girder,  No.  3. 

Fig.  2,  a  section  of  the  girder,  with  one  binding-joist  inserted,  and  the  other  ready  for  insertion,  as 
in  Fig.  1,  Nos.  2  and  3. 

Fig.  3,  a  section  of  the  binding-joists,  showing  the  notches  for  the  bridging  and  ceiling  joists. 

Fig.  4  exhibits  in  No.  1  the  bridging  and  binding  joists  joined  together. 

No.  2,  the  bridging-joist  with  the  lower  edge  uppermost,  in  order  to  show  the  notch. 

No.  3,  binding-joist,  exhibiting  the  notches. 

Fig.  5  exhibits  the  method  of  tumbling  in  a  joist  between  two  binding-joists  or  girders,  when  the 
joists  are  to  be  framed  flush  at  the  top. 
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The  method  is  thus :  Lay  the  joist  which  is  to  be  framed  in,  with  its  top-edge  undermost  upon  the 
girders  or  binding-beams.  Then,  with  a  sharp  pointed  instrument,  draw  a  line  upon  the  upper  side, 
now  undermost,  close  to  the  adjacent  faces  of  the  girders  or  of  the  binding-joists ;  then  turn  the  edge, 
now  uppermost,  underneath,  and  shift  the  joist  in  the  direction  of  its  length  until  the  line  drawn  on 
the  top  fall  in  the  plane  of  the  surface  of  the  girder,  or  that  of  the  binding-beam.  Place  a  straight 
edge  so  that  it  will  at  once  coincide  with  the  vertical  surface  of  the  girder  and  that  of  the  joists  ;  in 
this  position  draw  a  straight  line,  which  is  the  line  for  cutting  the  joists.  The  other  end  will  bo 
found  in  the  same  manner. 

21.  TRUSS  GIRDERS. 
[Plates  XXIII.  and  XXIV.} 

Plate  XXIII.  shows  some  of  the  methods  of  trussing  girders. 

Fig.  1  is  an  iron  truss  bolted  together  at  the  ends. 

Fig.  2,  a  girder  divided  into  two  lengths.  No.  1,  a  vertical  longitudinal  section.  No.  2,  plan  of 
the  girder  from  the  top.  This  example  consists  of  two  braces  uniting  a  king-bolt  in  the  middle.  Fig. 
3  is  a  girder  divided  into  three  lengths.  Fig.  4  is  a  design  for  a  girder  extending  between  two  walls 
at  a  great  distance  from  each  other.  In  this  design  the  surface  of  the  floor  is  raised  at  a  greater 
height  above  the  ceiling,  as  the  span  between  the  walls  is  greater.  Fig.  5  is  a  washer  seen  on  the 
top  of  Fig.  2.  Fig.  6  a  bolt  at  the  end  of  Fig.  2.  Fig.  6  the  bolt  in  the  middle  of  Fig.  2,  shown  in 
No.  1,  also  in  Fig.  3,  No.  1,  at  the  end  of  the  horizontal  piece  in  the  middle.  Figs.  6  and  7  are 
the  bolts. 

These  trusses  are  liable  to  fail  when  they  have  not  an  iron  tie  as  in  Fig.  1. 

The  truss  described  in  Plate  XXIV.  is  entirely  made  of  iron.  No.  1  is  the  perspective  elevation ; 
e  and  /  are  screws  in  order  to  tighten  the  two  iron  ties  between  a  and  6.  It  is  also  tightened  by 
means  of  wedges  shown  at  A  and  B.  The  recesses  at  i  and  k  are  sockets  for  the  ends  of  the  bind- 
ing-joists. 

No.  2  is  a  longitudinal  section  showing  the  ends  of  the  binding-joists,  ceiling-joists,  and  bridging- 
joists  longitudinally. 

No.  3  is  a  plan  of  the  joisting,  seen  from  the  top. 

No.  4  is  a  plan  of  the  joisting  inverted,  showing  the  tie-rods. 

Nos.  5  and  6  are  transverse  views  at  ends.  When  trusses  of  this  kind  have  the  proper  strength, 
they  are  superior  to  wooden  trusses. 

ROOFS. 

22.  TIMBERS  IN  A  ROOF  DEFINED. 
[Plate  XXV.] 

in  Plate  XXV.  the  pieces  of  timber  which  lie  on  the  tops  of  walls  are  called  wall-plates. 
The  pieces  of  timber  which  extend  over  the  area  and  rest  upon  each  wall-plate,  are  called  tie-beams. 
The  piece  of  timber  which  rises  from  the  middle  of  each  tie-beam  perpendicular  to  it,  is  called  a 
king-post. 

The  two  pieces  of  timber  that  branch  out  from  the  bottom  of  each  king-post,  are  called  struts. 
The  pieces  of  timber  which  rise  obliquely  from   the   ends  of  the  tie-beam,  and  which  meet 
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the  king-post  at  the  top,  and  which  are  supported  in  the  middle  by  the  strut,  are  called  principal 
rafters. 

The  piece  of  timber  which  is  supported  by  the  ends  of  the  tie-beams,  and  overtopping  each  wall- 
plate,  is  called  a  pole-plate. 

The  piece  of  timber  on  either  side  which  is  supported  by  the  principal  rafters  at  the  middle,  and 
parallel  to  the  wall  and  pole-plates,  is  called  a  purlin. 

The  piece  of  timber  which  runs  along  the  tops  of  the  king-posts,  is  called  the  ridge-piece. 

The  pieces  of  timber  on  either  side  which  are  supported  in  the  middle  by  the  purlin,  at  the  bottom 
by  the  pole-plate,  and  at  the  top  by  the  ridge-piece,  are  called  common  rafters  or  spars.  Fig.  2  is  a 
plan  of  the  roof,  and  Fig.  3  is  a  section  made  in  the  manner  of  working  drawings. 

CONSTRUCTION  OF  HIPPED  ROOFS. 
\_Plates  XXVI.— XXIX.-} 

23.  Plates  XXVI.  XXVII.  XXVIII.  and  XXIX.  exhibit  the  construction  of  hipped  roofs.     By 
means' of  the  plan  we  have  the  seats  of  all  the  lines  ;  therefore,  if  we  have  the  heights  of  these  lines, 
we  can  easily  find  their  lengths  by  drawing  a  right-angled  triangle,  of  which  one  of  the  legs  is  the 
seat  of  the  line  on  the  plan,  and  the  other  the  difference  of  the  heights  of  each  end  of  the  line  from 
its  seat.— See  ORinorROJECTioN,  Problem  vi. — We  may  find  all  the  angles  from  the  principles  of 
projection  ;  but  the  method  employed  throughout  all  the  figures  exhibited  in  the  four  plates  is  that 
used  in  the  construction  of  trehedrals,  Fig.  3,  Plate  XXIX. 

Draw  Hi  perpendicular  to  the  side  CD,  meeting  the  seat  g  e  of  the  edge  of  the  flat  in  i.  In  g  e, 
make  il  equal  to  the  height  of  the  roof,  and  draw  HI  for  the  length  of  a  common  rafter. 

Let  Jc  bo  the  upper  angle  of  the  end  of  a  purlin  in  III ;  draw  m  n  parallel  to  III ;  from  k,  with 
any  convenient  radius,  describe  the  semicircle  ml  on.  Draw  k  I  perpendicular  to  HI,  and  m  s,  n  u 
parallel  to  CD :  draw  also  I  r,  k  q,  and  o  t  parallel  to  the  height  of  the  roof,  and  join  AE.  Draw 
AB  perpendicular  to  Ao,  No.  1,  and  e  f  perpendicular  to  DC,  Fig.  3,  meeting  CD  in  I.  In  AB 
No.  1,  make  Ad  equal  to  DI,  Fig.  3,  and  join  d  e.  Let  g  bo  the  place  of  the  purlin  in  the  rafter 
AE.  Draw  g  f  perpendicular  to  A«,  meeting  Ao  in/.  From  /with  the  radius/^r  describe  the  arc 
g  h  meeting  Ao  in  h.  Draw  /  n  and  h  I  parallel  to  AB,  and  draw  g  k  parallel  to  AB,  meeting  de'm. 
k,  and  draw  k  I  parallel  to  Ao,  and  join  i  I ;  then  h  i  I  is  the  inward  bevel  as  required. 

24.  But  we  may  here  find  the  other  three  inward  bevels  of  the  purlin  for  Fig.  3,  in  a  much  more 
rapid  manner  than  that  now  described. 

For  this  purpose,  draw  g2  perpendicular  to  CD,  meeting  CD  in  2.  Also  draw  lines  from  e  and/ 
perpendicular  to  AB. 

Proceeding  now  with  No.  1  :  In  AB  make  Ac  equal  to  C2,  Fig.  3.  Produce  I  i  and  Ae  to  meet 
each  other  in  o,  and  join  c  o,  meeting  fn  in  m;  then/i  o  is  the  inward  bevel  of  the  purlin  on  the 
hip  represented  by  its  seat  De,  Fig.  3,  to  CD,  meeting  gC  in  r,  q,  t.  Draw  r  s  and  t  u  parallel  to  Ht. 
Join  q  s  and  q  u ;  then  p  q  s  will  be  the  inward  bevel  of  the  purlin,  and  p  q  u  that  which  is  applied  in 
the  side  of  the  roof. 

25.  Fig.  1,  Plate  XXVI.  exhibits  the  development  of  a  roof  upon  an  irregular  quadrangular  plan. 
The  principle  is  shown  under  the  article  SOLID  TRIGONOMETRY.     In  such  constructions  it  is  much 
better  to  terminate  the  side  of  the  roof  in  a  plane  parallel  to  the  horizon,  than  to  make  it  meet  in  a 
line  which  would  be  inclined  to  the  horizon. 

With  regard  to  the  inward  bevel  of  the  purlin,  the  method  of  finding  it  is  more  particularly 
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shown  in  Fig.  1,  No.  1,  which,  though  apparently  different,  is  the  same  in  principle  as  Fig.  3,  No.  1, 
Plate  XXIX. 

26.  Fig.  2,  Plate  XXVI.  was  intended  to  show  the  geometrical  demonstration  of  the  principle  of 
finding  the  inward  bevel  of  the  purlin.     We  shall,  however,  pass  over  the  investigation,  leaving  it  to 
the  learner. 

27.  It  will  not  be  necessary  to  explain  every  particular  figure  in  the  construction  of  hipped  roofs,  as 
the  same  principle  applies  to  all,  whether  the  plans  be  regular  or  irregular ;  only  observing  that,  when 
a  plan  has  all  its  angles  equal,  the  finding  of  one  backing  of  hip,  or  of  one  bevel  of  a  purlin  for  any 
hip  rafter,  serves  equally  for  all  the  others. 

By  the  development  of  the  inclined  sides  of  a  roof,  we  obtain  not  only  the  bevels  of  the  purlins  in 
the  sides  of  the  roof,  but  the  bevels  at  the  top  and  bottom  of  every  rafter  and  jack  rafter  in  the  most 
natural  way. 

28.  Plate  XXVII.,  Fig.  1,  Nos.  1,  2,  3,  show  how  the  bevels  are  applied  in  order  to  back  the  hip 
rafter.    No.  1  is  a  right  section  of  the  hip.    In  Nos.  2  and  3  the  point  a  is  in  the  middle  of  the  thick- 
ness at  the  upper  end  or  back  of  the  rafter.    No.  2  shows  how  the  bevel  is  applied  on  one  side  from  a; 
and  No.  3  shows  how  it  is  applied  on  the  other  side. 

When  the  plan  is  irregular,  as  in  Fig.  1,  No.  1,  Plate  XXVIII.,  the  most  expeditious  method  of 
finding  the  lengths  of  all  the  hips  is  exhibited  at  No.  2.  The  construction  is  this  : — Draw  an  indefinite 
straight  line  At,  and  draw  tT  perpendicular  to  AT.  Make  iT  equal  to  the  common  height  of  the  roof, 
and  make  TA  equal  to  the  seat  of  any  rafter;  then  AT  joined  will  be  the  length  of  that  rafter.  To 
apply  this  to  the  present  example,  make  <A  equal  to  QA,  No.  1  ;  «2  equal  to  QB  or  Q2,  No.  1  ;  <3 
equal  to  Q3,  No.  1,  &c.  Join  AT,  2T,  3T,  &c. ;  then  AT,  2T,  3T,  &c.  will  be  the  lengths  of  the 
rafters  represented  by  their  seats,  QA,  QB,  Q3,  &c.  To  find  the  backing  of  the  hip  for  any  one  of 
these  rafters,  as  that  whose  seat  is  AQ,  No.  1 : — In  No  1  make  the  angle  QA«  equal  to  «AT,  No.  2, 
and  proceed  as  in  the  former  cases. 

To  find  the  bevel  of  a  purlin  by  the  principles  of  projection : — In  Fig.  3,  Plate  XXVIII.  let  FGII 
represent  the  angle  of  a  purlin  where  FG  is  in  the  plane  of  the  roof,  and  draw  T?l,  Gm,  and  Hk  par- 
allel to  AB,  meeting  the  seat  Bt  of  the  hip  in  I,  m,  Jc,  Draw  k  i  perpendicular  to  Gm,  meeting  Gm 
in  j,  and  FZ  in  t. 

Any  where  apart : — Draw  the  straight  line  MN.  Through  any  point  J  in  MN,  draw  KI  perpen- 
dicular to  MN.  Make  JI  equal  to  GF,  and  JK  equal  to  GH.  Draw  IL  parallel  to  MN.  Make 
IL  equal  to  i  I,  and  JM  equal  to  j  m,  and  join  ML  and  MK  ;  then  the  two  bevels  for  cutting  the 
purlin  are  NMK  and  NML. 

29.  A  method  of  finding  the  backing  of  the  hip  without  the  principles  of  the  trehedral  is  as  follows: 
—See  Fig.  3,  Plate  XXVIII. 

Let  it  be  required  to  find  the  bevel  of  the  hip  whose  seat  is  C«. 

Make  the  angle  tCT  equal  to  the  angle  which  the  back  of  the  hip  makes  with  its  seat,  or  because 
the  angle  CtB  is  a  right  angle :  in  <B  make  «T  equal  to  the  height  of  the  roof,  and  join  CT  ;  then 
will  <CT  be  the  angle  which  the  hip  makes  with  its  seat. 

Draw  a  line  parallel  to  C*,  at  a  distance  equal  to  half  the  thickness  of  the  hip,  meeting  CD  in  R,  and 
draw  US  perpendicular  to  tC,  meeting  «C  in  S.  Draw  SV  parallel  to  CT,  and  QU  at  a  distance  from 
CT  equal  to  the  breadth  of  the  hip,  supposed  to  be  measured  in  a  vertical  plane.  Draw  QO  perpen- 
dicular to  CT,  meeting  it  in  O,  and  SV  in  P.  Having  made  this  preparation,  we  shall  now  show  how 
to  apply  the  lines  to  the  hip  itself. 

Let  No.  2  represent  a  part  of  the  hip-rafter  at  the  lower  end,  made  to  the  breadth  and  thickness 
of  the  hip-rafter. 

N 
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Let  BHFE  be  a  rectangular  plane  representing  one  face  of  the  hip  which  is  to  stand  in  a  plane 
perpendicular  to  the  horizon,  and  let  BHKC  be  another  rectangular  plane  at  a  right  angle  with  the 
plane  BHFE,  representing  the  top  of  the  hip  before  it  is  backed,  and  let  the  plane  FHKP  be  the 
end  of  the  piece. 

In  HF,  No.  2,  make  HL  equal  to  OP,  and  in  KP  make  KM  also  equal  to  OP.  Bisect  UK  in 
I,  and  join  MI  and  LI ;  then  LIM  is  the  backing  of  the  hip.  Draw  IA  and  LD  parallel  to  IIB ;  then 
cutting  away  the  triangular  prism  AILD  on  the  one  side,  and  the  similar  one  AIM  on  the  other,  we 
shall  form  the  back  of  the  rafter  as  required. 

30.  TRUSSES  EXECUTED. 
[Plate  XXX] 

Fig.  1,  truss  of  the  roof  of  the  chapel  of  Greenwich  Hospital. 
Fig.  2,  truss  of  the  roof  of  St.  Paul's  church,  Covent  Garden. 
Fig.  3,  truss  of  the  roof  of  the  late  Theatre,  Drury  Lane. 

[Plate  XXX/.] 

Fig.  1,  truss  of  the  roof  of  Covent  Garden  Theatre. 

Nos.  1,  2,  3,  4,  exhibit  the  double  posts,  and  the  method  of  fixing  the  irons. 

Fig.  2,  truss  of  the  roof  of  the  present  Theatre,  Drury  Lane. 

No.  2,  sections,  at  the  wall,  of  wall-plates,  &c. 

No.  3,  the  method  of  strapping  collar-beam  and  queen-posts  at  each  end. 

[Plate  XXX//.] 

Fig.  1,  truss  of  the  roof  of  Islington  Church.  This  roof  has  failed,  and  tie-beams  have  at  last 
been  introduced. 

Fig.  2,  truss  of  the  roof  of  St.  Martin's  Church  in  the  Fields. 

[Plate  XXX///.] 

Truss  of  the  roof  of  the  new  Church  of  St.  Pancras. 

Fig.  1,  entire  truss. 

Fig.  2,  half  truss,  showing  the  parts  more  distinctly. 

[Plate  XXXIV.1 

Fig.  1,  truss  of  the  roof  of  the  Bourbonio  Theatre,  at  Parma. 

Fig.  2,  truss  of  the  roof  of  the  Fenice  Theatre,  at  Venice. 

Fig.  3,  truss  of  the  roof  of  the  Basilica  of  St.  Paul's,  without  the  walls  of  Rome.  No.  1,  section 
of  the  purlin. 

Most  of  the  principals  are  either  in  two  or  three  pieces :  these  have  two  or  three  scarfs.  When 
one,  it  is  in  the  centre,  one  pair  of  principals  having  their  tie  in  one  piece  that  is  78  feet  long,  without 
the  least  support  from  the  trusses  of  the  roof. 

CIRCULAR  ROOFS  OR  DOMES. 
[Plates  XXXV.  and  XXXF/.] 

31.  Plate  XXXV.  shows  several  modes  of  construction. 
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Fig  1  is  the  most  simple  construction  of  a  circular  ribbed  roof. 

Fig.  2  is  a  circular  ribbed  roof,  with  a  purlin  for  a  building  of  greater  extent  than  Fig.  1. 

Fig.  3  is  a  different  construction  without  purlins,  where,  in  every  three  consecutive  rafters  which 
pass  through  the  axis,  the  bays  on  each  side  of  the  middle  one  are  filled  with  rafters  which  stand  in 
equidistant  planes  parallel  to  that  in  the  middle.  The  edges  of  the  parallel  rafters  on  each  side  are 
circles  of  a  less  radius  than  that  middle  one.  The  principles  of  constructing  spherical  roofs  depend 
entirely  on  the  sections  of  a  sphere. 

Fig.  4  is  another  method  where  the  bays  are  filled  in  with  strutting-pieces  which  have  the  same 
curvature  as  the  ribs  themselves,  and  of  which  the  sides  are  in  planes  passing  through  the  centre  of 
the  sphere.  This  method  of  construction  is  easily  executed,  and  well  calculated  to  resist  the  effort  of 
falling,  or  the  violence  of  stormy  weather. 

Plate  XXXVI.  is  a  section  of  the  roof  of  the  dome  of  St.  Paul's  Cathedral. 

32.  CONIC  ROOF. 
{Plate  XXXVII.'] 

Plate  XXXVII.  is  a  plan  and  elevation  of  a  conic  roof,  by  Mr.  Collinge. 

No.  1  is  a  cast-iron  top  cross :  a  plan  and  view  drawn  to  a  large  scale,  is  shown  at  C  and  D.  The 
dotted  lines  are  the  principal  rafters  E,  which  terminate  at  the  points  a,  a,  and  are  there  bolted. 

No.  2,  cast-iron  sockets  that  receive  the  ends  of  the  purlins  a  a  at  every  angle,  (the  principal  rafter 
lying  between  them,)  and  are  bolted  together  as  shown  at  F. 

No.  3,  cast-iron  sockets  that  receive  the  lower  purlins,  as  No.  2. 

No.  4,  cast-iron  angles  that  receive  the  ends  of  the  plates,  on  the  under  side  of  which  is  a  socket 
for  the  upper  part  of  the  post  a  to  slip  into,  as  at  G  :  66,  plates  intersecting  at  c,  where  the  principal 
rafter  E  pitches.  The  whole  is  tightly  secured  by  bolts. 

No.  5,  a  cast-iron  step  which  rests  on  the  surface  with  a  socket,  as  H,  to  receive  the  bottom  of  the  post. 

33.  In  the  '  Edinburgh  Encyclopaedia,'  under  the  article  CARPENTRY,  p.  528,  Mr.  Nicholson  describes 
the  properties  of  a  circular  roof  with  regard  to  strength,  in  the  following  words  : — "A  circular  roof 
may  be  executed  with  timbers  disposed  in  vertical  planes,  whether  the  ribs  or  rafters  are  convex, 
concave,  or  straight,  without  any  tie  between  the  rafters  or  ribs,  even  though  the  wall-plate  were  ever 
so  thin,  provided  that  it  be  only  sufficient  to  sustain  the  weight  of  the  roof,  by  joining  the  wall-plate, 
so  as  to  form  a  chain,  a  ring,  or  endless  plate,  and  by  strutting  the  rafters  in  one  or  more  horizontal 
courses,  without  any  danger  of  lateral  pressure,  or  of  the  timbers  themselves  being  bent  by  the  weight 
of  the  covering.  But  the  same  cannot  be  done  with  the  roof  of  a  rectangular  building,  for  single 
parallel  rafters  would  not  only  obtain  a  concave  curvature,  but  would  thrust  the  walls  outwards. 
Hence  the  means  of  executing  circular  roofs  with  safety  are  simple  ;  but  those  for  straight-sided 
buildings  are  complex,  and  require  much  more  skill  in  contriving,  according  to  the  utility  of  the 
space  between  the  rafters,  which  may  be  found  necessary  in  forming  more  lofty  or  more  elegant 
apartments,  as  in  concave  or  coved  ceilings."  This  description  of  circular  roofs  has  been  completely 
verified  in  the  subsequent  execution  of  the  conic  roof  by  Mr.  Collinge. 

34.  TRUSSED  PARTITIONS. 
IPlales  XXXVIII.  and  XXXIX.] 

Plate  XXXVIII.,  Fig.  1,  is  a  trussed  partition  with  two  small  doors. 
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Pig.  2  is  a  trussed  partition  with  folding  doors. 

Plate  XXXIX.  is  a  trussed  partition,  with  an  aperture  for  folding  doors,  and  another  for  a 
common  door. 

CONSTRUCTION  OF  NICHES. 
[Plates  XL.,  XLL,  XLII.,  XLIII.,  and  XLIV.] 

35.  A  Niche  is  a  recess  in  a  wall  for  the  purpose  of  placing  some  ornament  in  it. 

36.  The  backs  of  niches  are  generally  formed  of  cylindric  and  cylindroidic  surfaces ;  and  the  heads 
of  spherical,  conoidal,  or  ellipsoidal  surfaces. 

37.  When  a  conoidal  or  spherical  surface  is  employed  in  the  formation  of  the  head  of  a  niche,  with 
the  axis  of  the  conoid  vertical,  a  cylindric  surface,  having  for  its  axis  the  continuation  of  the  axis  of 
the  conoid,  and  for  radius  that  of  the  base  of  the  conoid,  is  employed. 

38.  The  principles  of  spherical  niches  are  the  most  simple  possible. 

As  every  section  of  a  sphere  is  a  circle,  the  form  of  the  edges  of  the  ribs  for  sustaining  the  lath  and 
plaster  of  a  spherical  niche  must  be  circular. 

With  regard  to  the  position  of  the  ribs  of  a  spherical  niche,  when  the  sections  of  a  sphere  all  inter- 
sect each  other  in  a  line  passing  through  the  centre,  the  radial  sections  are  all  equal ;  therefore  if  the 
head  of  a  niche  be  spherical,  one  of  the  easiest  methods  of  constructing  the  ribs  is  to  make  them  all 
intersect  each  other  in  a  horizontal  line  passing  through  the  centre  of  the  sphere. — See  Plate  XL., 
Fig.  1,  where  the  ribs  of  the  niches  all  meet  in  a  horizontal  line  passing  through  the  centre  of  the 
sphere.  Here  all  the  ribs  have  the  same  chords  as  the  half  plan. 

In  Fig.  2,  all  the  ribs  meet  in  a  vertical  line  which  divides  the  front  rib  into  two  equal  parts.  To 
find  the  radius  of  curvature  of  any  rib,  complete  the  circle  of  which  the  inside  of  the  plan  is  an  arc  ; 
produce  the  middle  line  of  the  plan  of  any  rib,  as  of  d  i,  to  meet  the  opposite  side  of  the  circumference 
in  g  ;  on  the  whole  line  d  g,  or  its  equal  fk,  as  a  diameter,  describe  a  semicircle,  and  from  the  point  i, 
where  the  ribs  intersect,  draw  a  perpendicular  i  A;  to  meet  the  semicircular  arc  in  k;  and  the  portion 
fk  of  the  arc  intercepted  between  the  perpendicular  and  the  back  of  the  niche  will  be  the  curve  of 
that  rib. 

In  Fig.  3  all  the  ribs  are  in  vertical  planes,  and  perpendicular  to  the  front.  Draw  a  line  Dg 
through  the  centre  D  of  the  plan  parallel  to  the  seat  of  the  front  rib.  Continue  the  line  of  the  seat 
of  any  rib,  suppose  that  of  f  h  to  g.  Then  from  g,  with  the  radius  gf,  describe  the  arc  fk  meeting 
the  inside  of  the  front  rib  in  k.  Draw  De  perpendicular  to/  g,  meeting  f  g  in  e.  From  g,  with  the 
radius  g  e,  describe  an  arc  meeting  the  seat  of  the  inside  of  the  front  rib  in  i;  then  the  arc  fk  is  the 
curve  of  the  one  side  of  the  rib  represented  by  the  seat  h  f,  and  e  i  is  the  curve  on  the  other  side  of 
the  rib,  and  the  distance  between  these  two  curves  f  k  and  e  i  exhibits  the  quantity  of  bevel  which 
the  edge  of  the  rib  requires. 

In  Fig.  4  the  ribs  are  all  parallel  to  the  front  rib  ;  consequently  the  diameter  of  any  rib  is  the  in- 
tercepted portion  of  that  rib  by  the  inner  line  of  the  plan. 

39.  Plate  XLI.  exhibits  the  plan  and  elevation  of  a  spherical  niche. 

Here  the  ribs  are  all  in  vertical  planes  passing  through  the  centre  of  the  sphere. 

Let  Ig  be  the  middle  line  of  the  seat  of  a  rib,  meeting  the  centre  of  the  sphere  in  g  on  each  side 
of  the  line  \g;  draw  a  line  at  a  distance  equal  to  half  the  thickness  of  a  rib,  and  let  these  lines  meet 
the  seat  of  the  inside  of  the  front  rib  in  the  two  points  o,  P.  Draw  Oo,  Pp  perpendicular  to  Ig,  meet- 
ing the  inner  edge  of  the  arc  of  the  plan  in  two  points  o,p;  then  lop  is  the  length  of  this  rib,  and 
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the  distance  between  the  lines  o  o',pp'  shows  the  quantity  of  bevel  to  be  taken  off  the  top  to  fit  against 
the  front  rib. 

Nos.  1,  2,  3,  show  the  ribs  by  themselves  as  found  by  their  seats. 

40.  In  Plate  XLII.  the  plan  and  elevation  are  each  the  segment  of  a  circle,  and  consequently  the 
two  chords  must  be  equal.     In  order  to  describe  any  rib :  Through  the  centre  H  of  the  plan  draw 
a  straight  line,  and  produce  the  arc  of  the  inside  of  the  plan  to  meet  this  line,  and  the  intercepted 
distance  will  be  a  chord.     Draw  the  line  HZ  perpendicular.     Make  HZ  equal  to  the  difference 
between  the  radius  and  versed  sine  of  the  front  rib.     Join  the  extremity  W  of  the  chord  and  Z  ; 
then,  with  the  radius  ZW,  from  Z  describe  an  arc  which  is  the  curvature  of  all  the  ribs  ;   the 
length  of  any  rib  may  be  found  by  applying  the  length  of  the  seat  of  that  rib  from  the  extremity 
X  of  the  chord  upon  the  half  chord  WH,  and,  drawing  a  perpendicular  to  meet  the  arc,  the  portion 
of  the  arc  between  W  and  the  point  where  the  perpendicular  meets  it,  is  the  length  required. 

41.  Plate  XLIII.  represents  the  plan  and  moulds  for  cutting  out  and  preparing  the  ribs  of  a 
spherical  niche  in  a  circular  wall  on  true  principles,  and  n  a  more  comprehensive  and  simple  manner 
than  any  thing  of  its  kind  ever  before  published. 

No.  1  represents  the  plan,  and  d  g  e  the  back  or  base  rib  ;  d  b  e  is  the  plan  of  the  front  rib,  which 
should  be  got  out  in  two  or  more  parts,  and  jointed  perpendicularly  over  the  letter  6.  Let  the  distance 
between  the  lines  6  e  and  GO,  Fig.  2,  represent  the  thickness  of  the  plank  required  to  cut  out  the 
front  rib  ;  let  d  AMN  represent  the  mould  for  marking  the  front  side  of  the  plank,  which  may  be 
obtained  as  follows  : — 

Draw  d  b,  and  continue  it  to  I  ;  draw  6M  perpendicular  to  dl ;  let  F  be  the  centre,  and  draw  FL 
parallel  to  6M,  crossing  the  line  dl  at  E  ;  then  E  will  be  a  centre  for  describing  the  mould  d  AMN. 

The  mould  for  the  back  side  of  the  rib  may  be  obtained  by  continuing  the  line  OG  to  K  ;  then  G 
is  the  centre  required  for  describing  the  mould  OPQR. 

Take  the  mould  d  AMN,  and  mark  each  side  and  end  on  the  face  of  the  plank ;  then  cut  it  off  truly 
to  the  line  d  h,  and  at  right  angles  to  the  face  of  the  plank  :  from  the  line  b  e  take  the  bevel  at  o,  and 
apply  it  to  the  end  of  the  plank  at  h,  which  will  give  one  point  at  the  back  edge  of  the  plank  for 
applying  the  mould. 

From  the  line  d  b  take  the  bevel  of  the  joint  at  6:  cut  the  end  of  the  rib  to  the  line  MN,  and  to 
the  bevel  found  at  6. 

From  b,  No.  1,  draw  a  line  at  right  angles  to  the  line  FG  until  it  cuts  the  inside  of  the  plan,  which 
line  and  the  curve  of  the  plan  will  give  the  bevel  of  the  under  side  of  the  rib  at  M,  which  will  give 
another  point  at  the  back  side  of  the  plank  to  apply  the  mould  OPQR ;  then  work  to  the  lines  so 
obtained,  which  will  give  the  upper  and  under  side  of  the  rib. 

Divide  the  curve  line  dN,  No.  2,  into  any  number  of  equal  parts,  and  from  those  points  draw  lines 
parallel  to  EL  across  the  face  of  the  mould,  and  continue  them  to  the  line  d  b ;  transfer  the  lines 
crossing  the  mould  to  the  face  of  the  rib  itself,  and  take  the  corresponding  distances  from  between 
the  straight  line  d  b  and  the  curve  line  d  b,  and  transfer  them  to  the  upper  and  under  sides  of  the  rib ; 
trace  curves  through  the  points  so  found,  which  will  stand  perpendicular  over  the  plan.  Or, 

Take  the  stretch  out  of  the  rurve  line  dN,  and  lay  it  out  on  a  line  as  at  No.  3  ;  take  the  cor- 
responding distances  from  the  line  at  No.  2,  and  trace  a  curve  through  them ;  then  No.  3  will  be  a 
mould  that  will  bend  over  the  top  of  the  rib,  and  give  the  curve  required.  Another  may  be  obtained 
for  the  under  side  of  the  rib  by  proceeding  in  the  same  manner. 

42.  Plate  XLIV.,  Fig.  1,  a  niche  upon  a  circular  plan  and  elliptic  elevation. 

In  this  the  ribs  are  set  in  vertical  planes,  and,  though  elliptic,  are  all  of  the  same  curvature. 

In  Fig.  2  the  plan  is  an  ellipsis,  and  the  head  a  semicircle.     The  ribs  are  here  fixed  in  planes  per- 
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pendicular  to  the  plane  of  the  wall.  The  position  of  the  ribs  in  this  diagram  is  exactly  the  reverse  of 
that  in  No.  1.  The  ribs  of  this  niche  are  all  of  the  same  curvature  and  the  same  length,  being  each 
a  quadrant  of  an  ellipsis. 

In  Fig.  3  both  plan  and  elevation  are  elliptic.  The  ribs  are  vertical  and  perpendicular  to  the  face 
of  the  wall.  The  method  of  finding  the  ribs  is  shown  in  the  Problems  of  STEREOTOMY. 

In  Fig.  4  the  ribs  are  disposed  in  vertical  planes  parallel  to  the  front  rib.  The  plan  is  a  semi- 
ellipsis,  and  the  elevation  a  semicircle. 

PENDENTIVE  CEILINGS. 
[Plates  XLV.,  XL VI.,  and  XLVII,] 

43.  Let  abed,  Plate  XLV.,  Fig.  1,  be  the  plan  of  a  room  or  staircase  to  be  bracketed,  so  as  to 
form  the  surface  of  a  pendentive  ceiling.    Let  aSVe  be  the  section  across  the  diagonal ;  it  is  required 
to  find  the  curvature  of  the  springing  ribs. 

Draw  iL  perpendicular  to  a  b  meeting  a  b.  Take  the  distance  from  i  to  the  line  a  6,  and  set  it  from  i 
on  the  line  i  a,  and  from  this  point  draw  a  perpendicular  to  meet  the  curve  aS  of  the  diagonal  rib.  Make 
the  versed  sine  of  the  segment  aL6  equal  to  the  perpendicular,  and  describe  the  segment  aL6,  which 
is  the  springing  line  required.  If  from  the  centre  i  an  arc  be  described  with  a  radius  equal  to  the 
length  of  the  seat  of  a  rib  to  meet  the  seat  of  the  diagonal  rib  i  a,  and  if  from  the  point  of  meeting  a 
perpendicular  be  drawn  to  meet  the  curve  aS,  the  portion  of  the  arc  of  the  diagonal  rib  between  a 
and  the  perpendicular  will  be  the  length  of  the  rib  corresponding  to  the  seat  which  was  taken. 

In  Figs.  2  and  3  the  diagonal  section  is  a  semicircle. 

In  Fig.  4  the  plan  is  an  octagon,  and  therefore  the  springing  lines  on  the  sides  are  semicircles. 

44.  In  Plate  XLVI.  pendentive  ceilings,  the  same  principle  is  observed  as  in  Plate  XLV.  and  the 
bracket  from  which  all  the  others  are  taken  is  the  quadrant  of  a  circle. 

The  portions  of  the  brackets  to  be  used  are  exhibited  at  Nos.  1,  2,  3,  4,  5,  6,  found  according  to 
the  length  of  their  seats. 

In  Fig.  2  the  bracketing  is  upon  an  elliptic  plan,  and  the  general  bracket,  from  which  all  the  others 
are  portions,  is  the  quadrant  of  a  circle  as  before.  The  portions  of  the  brackets  to  be  used  over  each 
seat  are  shown  at  Nos.  1,  2,  3,  4,  5,  6,  7. 

45.  In  Plate  XLVII.  the  springing  lines  are  in  the  sides  of  a  square  pyramid,  of  which  its  vertex 
is  above  the  base  abed.     The  edges  of  the  pyramid  are  tangents  to  the  springing  lines  at  the  lower 
extremities,  which  are  represented  by  the  seats  a,  b,  c,  d. 

We  shall  now  suppose  that  any  one  of  the  four  angles  contained  by  any  face  and  the  base  of  the 
pyramid  is  given,  the  angles  which  the  edges  of  the  pyramid  make  with  the  edges  of  the  base  will  be 
readily  found  by  the  principles  of  the  Trehedral.  One  of  these  angles  is  d  aH ,  and  the  angle  which 
the  seat  aC  makes  with  the  adjacent  angles  is  g  aH. 

In  order  to  find  the  springing  curve  upon  the  line  a  d,  we  have  only  to  describe  a  circle  aKd  to 
touch  the  straight  line  aH'  at  the  point  a. 

Draw  (/E  parallel  to  a  b,  meeting  the  arc  of  the  circle  in  E  ;  El'  parallel  to  d  a,  meeting  all  in  I'; 
I'i  parallel  to  a  b,  meeting  the  diagonal  a  c  in  i ;  and  i  e  parallel  to  a  d,  meeting  <;E  in  e. 

We  know  that,  since  the  springing  curve  aEd  is  the  arc  of  a  circle,  it  will  be  projected  into  the  arc 
of  an  ellipsis,  of  which  one  of  the  axes  will  be  in  the  line  Ee,  and  the  vertex  at  e.  If  we  now  bisect 
the  line  joining  the  points  a  e,  and  draw  a  line  from  i  through  the  point  of  bisection  to  meet  eE,  the 
point  where  it  meets  will  be  the  centre.  This  operation  is  shown  upon  the  side  c  d  by  the  line  k  o, 
drawn  from  k,  the  meeting  of  the  tangents  d  k,  k  e' .  Through  0,  draw  LM  parallel  to  d  C  for  the  line 
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of  the  axis  major  ;  then  by  Prob.  iv.  CONIC  SECTIONS,  describe  a  semi-ellipsis  Ld  c*C,  of  which  one 
of  the  axes  is  0  em,  and  d  or  c  a  point  in  the  curve. 

TIMBER  BRIDGES. 

46.  A  -wooden-bridge  is  composed  of  three  distinct  parts :   1st.  The  points  of  support  of  the  super- 
structure :  2d.  The  frame-work  which  sustains  the  road-way :  3d.  The  road-way. 

The  points  of  support  for  the  superstructure,  which  are  the  abutments  and  piers,  are  formed  either 
of  wood  or  stone ;  the  choice  of  the  two  systems  depending,  principally,  on  the  character  of  the 
stream,  and  the  nature  of  the  bed.  Stone-piers  and  abutments  are  generally  preferable  to  those  of 
wood,  being  of  a  less  perishable  nature,  and  offering  more  resistance  to  floating  bodies  and  the  action 
of  freshets. 

The  general  arrangement  of  the  stone-piers  and  abutments  of  wooden  bridges  differs  in  nothing, 
except  in  a  few  details  required  by  the  character  of  the  superstructure,  from  those  of  stone-bridges. 
The  starlings  are  carried  up  above  the  level  of  the  highest  water ;  and  the  portion  of  the  supports 
above  them,  on  which  the  road-way  rests,  is  a  simple  pillar  with  plane  faces.  The  lowest  points  of 
the  frame-work,  abutting  against  the  pillars,  should  be  above  the  level  of  the  highest  water  to  preserve 
the  wood-work  from  decay,  arising  from  exposure  to  alternate  dryness  and  moisture. 

Wooden  abutments  may  be  formed  by  constructing  what  is  termed  a  crib-work,  which  consists  of 
large  pieces  of  square  timber  laid  horizontally  over  each  other,  to  form  the  upright  or  sloping  faces  of 
the  abutment :  these  pieces  being  halved  into  each  other  at  the  angles,  and  otherwise  firmly  connected 
together  by  iron-bolts.  The  space  enclosed  by  the  crib-work — which  is  usually  built  up  in  the  manner 
just  described  only  on  three  sides — is  filled  with  earth  carefully  rammed,  or  with  dry  stone,  as  circum- 
stances may  seem  to  require. 

A  wooden  abutment  of  a  more  economical  construction  may  be  made,  by  partly  imbedding  large 
pieces  of  timber  placed  in  a  vertical  or  an  inclined  position,  at  intervals  of  about  four  feet  from  each 
other,  and  forming  the  facing  to  sustain  the  earth  behind  the  abutment  of  thick  plank.  Wooden  piers 
may  also  be  made  according  to  either  of  the  methods  here  laid  down,  and  be  filled  with  loose  stone 
to  give  them  sufficient  stability  to  resist  the  forces  to  which  they  may  be  exposed  ;  but  this  method 
is  very  clumsy,  and  inferior,  in  every  point  of  view,  to  stone-piers,  or  to  the  methods  which  are  about 
to  be  explained. 

47.  The  simplest  arrangement  of  a  wooden-pier  consists  in  partly  imbedding  large  pieces  of  timber 
which  are  placed  in  a  vertical  position  from  two  to  four  feet  apart.    These  upright  pieces  are  connected 
at  top  by  a  horizontal  beam,  termed  a  cap,  which  is  either  mortised  to  receive  a  tenon  made  in  each 
upright,  or  otherwise  fastened  to  the  uprights  by  bolts  or  pins.     Other  pieces,  which  are  notched  and 
bolted  in  pairs  on  the  uprights,  are  placed  in  an  inclined  or  diagonal  position,  to  brace  the  whole 
system  firmly.     These  several  uprights  of  the  pier  are  placed  in  the  direction  of  the  thread  of  the 
current ;  and,  if  thought  necessary,  two  horizontal  beams,  arranged  like  the  diagonal  pieces,  may  be 
added  to  the  system  just  below  the  lowest  water-level.     In  a  pier  of  this  kind,  the  place  of  the  star- 
lings is  supplied  by  two  inclined  beams  on  the  same  line  with  the  uprights,  which  are  termed  fender- 
beams. 

A  great  objection  to  the  system  just  described  arises  from  the  difficulty  of  replacing  the  uprights 
when  in  a  state  of  decay.  To  remedy  this  defect,  it  has  been  proposed  to  drive  large  piles  in  the  posi- 
tions to  be  occupied  by  the  uprights,  and  to  connect  these  piles  below  the  low  water-level  by  four  hori- 
zontal beams  firmly  fastened  to  the  heads  of  the  piles,  which  are  sawed  off  at  a  proper  height  to  re- 
ceive the  horizontal  beams.  The  two  top-beams  arc  arranged  with  large  square  mortises  to  receive 
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the  ends  of  the  uprights  which  rest  on  those  of  the  piles ;  the  rest  of  the  system  may  be  arranged  as 
in  the  former  case.  By  the  arrangement  here  explained  two  points  are  gained  ;  the  uprights  when 
decayed  can  be  readily  replaced,  and  they  rest  on  a  solid  substructure  not  subject  to  decay  ;  and 
shorter  timber  can  be  used  for  the  piers  than  when  the  uprights  are  driven  into  the  bed  of  the  stream. 

48.  In  deep  water,  and  especially  in  a  rapid  current,  it  is  thought  that  a  single  row  of  piles  would 
prove  insufficient  to  give  stability  to  the  uprights  ;  and  it  has  therefore  been  proposed  to  give  a  suf- 
ficient spread  to  the  substructure  to  admit  of  bracing  the  uprights  in  two  directions  ;  that  is,  to  add, 
besides  the  diagonal  braces  already  described,  struts  on  each  of  the  other  sides.     To  effect  this,  three 
piles  should  be  driven  for  each  upright ;  one  just  under  its  position,  and  the  other  two  on  each  side 
of  it,  on  a  line  perpendicular  to  that  of  the  pier.     The  distance  between  the  three  piles  will  depend 
on  the  inclination  and  length  that  it  may  be  deemed  necessary  to  give  the  struts.     The  heads  of  the 
three  piles  of  each  upright  are  sawed  off,  and  connected  by  two  horizontal  clamping-pieces  below  the 
lowest  water-level ;  and  a  square  mortise  is  left  in  these  two  pieces  over  the  middle  pile  to  receive  the 
uprights,  which  are  fastened  together  at  the  bottom  by  two  clamping-pieces  resting  on  those  of  the 
heads  of  the  piles,  and  are  rendered  more  stable  by  the  two  struts. 

In  localities  where  piles  cannot  be  driven,  the  uprights  of  the  piers  may  be  secured  to  the  bottom 
by  means  of  a  grillage,  arranged  in  a  suitable  manner  to  receive  the  ends  of  the  uprights.  The  bed 
on  which  the  grillage  is  to  rest  having  been  suitably  prepared,  the  grillage  is  floated  to  its  position,  and 
sunk  either  before  or  after  the  uprights  are  arranged  to  it,  as  may  be  found  most  convenient ;  the 
grillage  being  retained  in  its  place  by  an  enrockment.  As  a  further  security  for  the  stability  of  the 
piers,  the  uprights  may  be  covered  by  a  sheeting  of  boards,  and  the  spaces  between  the  sheeting  filled 
in  with  gravel. 

As  wooden-piers  are  not  of  a  suitable  form  to  resist  heavy  shocks,  ice-breakers  should  be  placed  in 
the  stream  opposite  to  each  pier,  and  at  some  distance  from  it.  In  streams  with  a  gentle  current, 
a  simple  inclined  beam  covered  with  thick  sheet-iron,  and  supported  by  uprights  and  diagonal  pieces, 
will  be  all  that  is  necessary  for  an  ice-breaker.  But  in  rapid  currents  a  crib-work,  having  the  form 
of  a  triangular  pyramid,  the  up-stream  edge  of  which  is  covered  with  sheet-iron,  will  be  required  to 
offer  sufficient  resistance  to  shocks.  The  crib-work  may  be  filled  in,  if  it  be  deemed  advisable,  with 
loose  blocks  of  stone. 

49.  Frames.] — In  no  branch  of  constructions  has  more  diversity  of  arrangement,  or  greater  bold- 
ness of  design  been  shown,  than  in  the  frames  of  wooden  bridges.    Wherever  ingenious  practical  car- 
penters have  been  found,  structures  of  this  kind  have  been  raised,  which,  for  judicious  arrangement 
throughout,  have  called  forth  the  admiration  of  the  most  scientific.     Whatever,  however,  of  apparent 
diversity  may  seem  to  exist  in  the  great  number  of  wooden  bridges,  they  can  all  be  reduced  to  two 
general  classes  ;  each  of  which  admits  of  two  subdivisions.     In  the  first  class  may  be  placed  all  the 
combinations  which  are  composed  of  straight  timber ;   and  in  the  second,  those  which  form  wooden 
arches.     The  subdivisions  of  each  arise  from  the  position  of  the  road-way ;  which  may  rest  either 
on  the  frame,  or  be  suspended  from  it. 

50.  First  Class.] — The  simplest  arrangement  of  the  first  subdivision  of  this  class  consists  in  a  system 
of  longitudinal  beams  termed  sleepers  or  string -pieces,  laid  parallel  to  the  axis  of  the  road- way ;  they  are 
slightly  notched  on  the  caps  of  the  piers,  and  are  fastened  to  them  with  bolts ;  and  the  sleepers  receive 
the  cross-joists  of  the  road-way  on  which  the  boards  and  other  road-covering  are  laid.     The  distance 
between  the  sleepers  will  depend  on  their  strength,  and  on  that  of  the  cross-joists,  which  will  seldom 
admit  of  being  more  than  six  feet.     This  system  can  seldom  be  used  with  safety  for  a  carriage-road, 
where  the  width  of  the  bays  is  beyond  twelve  feet. 

In  bays  of  twelve  to  twenty  feet  wide,  short  pieces,  termed  corbels,  must  be  placed  on  the  caps  of 
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the  piers.  The  sleepers  rest  on  the  corbels,  which  serve  the  purpose  of  diminishing  the  bearing,  which 
may  be  considered  in  this  case  as  the  distance  between  the  ends  of  the  corbels. 

When  the  bay  exceeds  twenty  feet  wide,  the  corbels  will  be  subject  to  spring,  or  bend  downwards, 
if  made  sufficiently  long  to  give  an  effectual  support  to  the  sleepers;  they  must  therefore,  in  this  case, 
be  strengthened  by  struts  (Plate  XLVIII.,  fig.  1.)  mortised  into  them  near  their  ends,  and  abutting 
against  the  uprights  of  the  piers.  This  method  may  be  used  for  bays  thirty  feet  wide. 

Beyond  thirty  feet  and  within  forty,  it  will  be  better  to  replace  the  corbels  by  a  beam  placed  under 
the  middle  portion  of  the  sleepers,  which  is  termed  a  straining -beam ;  the  straining-beam  (fig.  2.) 
being  sustained  by  two  struts  which  abut  against  it.  The  struts  in  this  system  may  be  so  long  as  to 
be  liable  to  sag,  or  bend  downwards ;  to  prevent  which,  inclined  clamping-pieces,  termed  stirrup-pieces, 
are  fastened  to  them  and  to  the  string-pieces. 

For  bays  above  foi-ty  feet,  it  will  be  necessary  to  use  both  corbels  and  straining-beams,  (fig.  3.) 
with  a  suitable  combination  of  struts  and  stirrup-pieces.  The  struts  in  this  case  may  be  parallel 
to  each  other  or  not,  as  may  be  found  most  suitable ;  the  angle,  however,  between  them  and  the 
etraining-beam  should  not  be  greater  than  150°,  to  give  sufficient  stability  to  the  system. 

51.  The  simplest  arrangement  of  the  frames  in  the  second  subdivision  consists  (fig.  4.)  in  a  hori- 
zontal sleeper  termed  a  tie-beam,  the  extremities  of  which  rest  on  the  points  of  support  of  two  inclined 
pieces  which  are  mortised  into  the  principal  tie-beam  near  the  points  of  support ;  and  abut  end  to 
end  at  the  other  extremities,  or  otherwise  against  an  upright,  termed  a  king-post,  placed  at  the  middle 
of  the  principal  tie-beam,  to  which  it  is  fastened  by  a  stirrup  of  iron,  or  by  a  tenon  and  mortise.    The 
cross-joists  are  laid  on  the  tie-beams,  and  with  it  are  suspended  from  the  inclined  pieces,  by  the  inter- 
medium of  the  king-post.     This  last  piece  may  also  be  made  like  the  ordinary  stirrup-pieces,  being 
notched  on  the  tie-beam.     A  combination  of  this  kind  cannot  be  well-arranged  for  bays  beyond  forty 
feet  in  width. 

52.  For  bays  between  forty  and  one  hundred  feet,  a  similar  system  (fig.  5.)  may  be  arranged  by 
placing  a  straining  beam  between  the  upper  ends  of  the  inclined  pieces,  and  suspending  the  tie-beam 
and  road-way  from  these  points  by  two  stirrup-pieces,  termed  queen-posts;  but  it  is  necessary  in  widths 
of  more  than  forty  feet  to  place  diagonal  braces  in  the  space  between  the  queen-posts,  stirrup-pieces, 
and  tie-beam. 

When  the  bay  is  beyond  one  hundred  feet,  a  longitudinal  beam  (fig.  6.)  is  placed  at  top  parallel 
to  the  tie-beam  ;  and  at  a  suitable  distance  from  it,  several  inclined  pieces  abutting  against  several 
straining-beams  placed  under  this  longitudinal  beam  ;  and  stirrup-pieces  are  placed  at  all  the  points 
of  junction  between  the  inclined  and  straining-pieces.  This  combination  may  be  extended  to  very 
wide  bays.  It  is  the  same  as  that  used  for  the  celebrated  bridge  of  Schaffhausen,  one  of  the  bays  of 
which  was  193  feet  span. 

53.  Another  combination  of  straight  pieces  for  wide  bays,  consists  of  a  large  built-beam,  which  is 
formed  of  two  parallel  built-beams,  firmly  secured  in  their  places  by  uprights  and  diagonal  braces ;  or 
simply  of  a  series  of  diagonal  pieces  placed  close  together,  and  firmly  secured  to  each  other,  forming 
a  kind  of  lattice-work.     Each  of  these  systems  is  now  in  extensive  use  ;  and  the  road-way  in  both 
systems  may  be  placed  either  at  top,  at  bottom,  or  at  any  intermediate  point  between  these  two. 

In  frames  belonging  to  this  subdivision,  not  more  than  four  frames,  or  ribs,  can  be  set  up  for  the 
road-way  ;  two  exterior,  and  one  or  two  interior,  dividing  the  total  width  into  two  equal  parts,  each 
of  which  may  be  only  wide  enough  for  the  passage  of  one  carriage  and  for  foot-passengers. 

54.  Second  Class.] — The  simplest  arrangement  of  the  frames  of  this  class  consists  (fig.  7.)  in  slightly 
bending  a  large  beam,  and  confining  it  in  this  state  between  two  fixed  points  of  support,  so  that  it 
may  be  made  to  sustain  the  middle  point  of  the  sleepers  for  the  cross-joists.     This  system  may  bo 
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applied  to  bays  from  twenty  to  forty  feet  wide,  where  timber  of  sufficient  dimensions  can  be  pro- 
cured. 

The  most  usual  form  of  wooden-arches  consists  (fig.  8.)  in  making  the  arch  of  several  concentric 
courses  of  timber  bent  to  a  suitable  curvature  ;  the  different  courses  being  firmly  united  by  keys  of 
hard  wood,  and  stirrups,  or  hoops  of  iron.  The  sleepers  rest  on  the  crown  of  the  arch  ;  and  are  sup- 
ported, between  this  point  and  their  extremities,  by  vertical  or  inclined  stirrup-pieces,  which  transmit 
their  weight  and  that  of  the  road-way  to  the  arch. 

The  position  of  the  stirrup-pieces  is  not  a  matter  of  indifference  ;  the  upright,  or  vertical  position, 
being  superior  to  the  inclined,  in  which  the  pieces  are  perpendicular  to  the  arch ;  for,  in  this  last  case, 
the  inclined  pieces  not  only  transmit  the  vertical  weight  of  the  road-way  to  the  arch,  but  also  a  hori- 
zontal compression,  caused  by  the  tension  on  the  sleepers,  which,  acting  on  the  upper  ends  of  the 
stirrup-pieces,  causes  an  equal  action  on  the  arch  at  their  lower  extremities  ;  and  besides  this,  the 
crown  of  the  arch  is  subjected  to  a  greater  portion  of  the  weight  of  the  bridge  when  the  pieces  are  in- 
clined than  when  they  are  in  a  vertical  position ;  and  as  this  part  is  the  weakest,  it  will  require  addi- 
tional strength  to  resist  this  additional  pressure. 

The  arch  may  be  relieved  of  a  portion  of  the  weight  of  the  road- way  by  inclined  pieces  or  struts, 
which  abut  against  the  points  of  support,  and  sustain  the  weight  on  the  portions  of  the  sleepers  near- 
est those  points.  This  arrangement,  which  is  very  judicious,  can  be  made  when  the  road- way  rests 
on  the  arch. 

For  very  large  spans  the  arch  may  be  formed  of  two  concentric  built- beams,  united  by  cross  stirrup- 
pieces  and  diagonal  braces. 

55.  The  second  subdivision  of  this  class  embraces  those  cases  where  the  sleepers  and  road-way  are 
suspended  from  the  arch  by  upright  stirrup-pieces  of  wood  or  wrought-iron.    Here  each  arch  may  abut 
against  two  fixed  points  of  support  (fig.  9) ;  in  which  case  the  sleepers  may  be  either  on  a  level  with 
the  points  of  support,  or  be  suspended  at  some  point  above  them  ;  or  the  arches  may  be  let  into  the 
sleepers  near  their  extremities.     The  sleepers  in  this  last  arrangement  (fig.  10)  acting  as  ties,  must 
either  be  of  one  entire  length,  or  be  formed  of  a  strong  built-beam,  arranged  with  indents,  or  with 
wooden  keys  and  iron  fastenings.     In  this  subdivision,  the  road-way  must  be  divided  into  two  paths 
by  one  or  two  arches  which  rise  in  the  centre  of  it. 

56.  Wooden  arches  may  be  made  to  span  very  wide  bays;  but  in  general  it  would  be  well  to  restrict 
the  span  to  300  feet ;  and  for  streams  more  than  this  width,  to  divide  the  space  into  two  or  more  bays, 
as  circumstances  may  point  out ;  but  the  arrangement  of  the  frame-work  of  such  considerable  struc- 
tures requires  great  judgment,  skill,  and  care,  on  the  part  of  the  engineer. 

Simplicity  should  be  regarded  as  an  essential  condition,  so  that  any  part  may  be  easily  taken  out, 
and  be  replaced,  without  deranging  the  rest.  The  points  where  the  frames  rest  against  the  support 
should  be  above  the  highest  water-level,  to  preserve  the  essential  parts  from  decay  ;  and  it  would  be 
a  judicious  arrangement  to  leave  an  open  joint  between  all  the  courses  of  built-beams,  or  other  heavy 
essential  parts,  which  rest  on  each  other,  and  are  connected  by  bolts  or  hoops,  to  allow  a  free  circula- 
tion of  air  around  the  pieces,  in  order  to  prevent  the  accumulation  of  moisture  between  them. 

The  different  ribs  must  be  firmly  connected  by  horizontal  ties  formed  as  clamping-pieces,  which  are 
bolted  in  pairs  to  the  frames ;  and  by  diagonal  braces,  to  prevent  lateral  motion,  caused  by  the  action 
of  the  wind,  or  the  warping  of  the  frames. 

57.  Jtoad-icay.] — The  road-way  is  variously  formed,  according  to  the  greater  or  less  care  which  it 
may  be  deemed  necessary  to  bestow  on  the  structure.  The  best  arrangement  consists  in  laying  a  system 
of  cross-joists  on  the  sleepers,  to  receive  a  flooring  of  thick  boards  on  which  the  road-covering  rests. 
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The  joists  are  slightly  notched  on  the  sleepers,  and  if  the  road-covering  is  intended  to  be  of  plank,  a 
second  thickness  of  boards  is  nailed  across  the  first  to  form  the  road-surface. 

The  foot-paths  (fig.  11)  receive  a  necessary  elevation  above  the  road-surface,  and  consist  simply  of 
a  common  flooring  of  boards  laid  on  joists. 

The  parapet  of  the  bridge  may  consist  of  a  simple  hand-railing  supported  oil  uprights  and  braced 
by  inclined  pieces  ;  or  something  of  a  more  ornamental  character  may  be  arranged  either  of  wood  or 
iron,  according  to  the  locality. 

58.  The  principal  objection  to  wooden  bridges  is  the  perishable  nature  of  the  material ;  but  as 
this  objection  applies  only  to  structures  which  are  alternately  exposed  to  moisture  and  dryness,  a 
remedy  may  be  found  in  covering  the  bridge  with  a  roof  and  sides  of  shingles,  or  with  the  common 
weather-boarding  of  frame-houses.  In  bridges  where  the  road-way  rests  on  the  frames,  some  diffi- 
culty might  arise  in  arranging  the  roof,  but  a  substitute  could  be  found  for  it,  by  covering  the  plank- 
ing of  the  road- way  with  a  metallic  covering,  to  protect  the  frames  at  top,  and  by  covering  the  sides 
in  the  ordinary  way.  Besides  these  conservative  means,  the  parts  of  the  structure  most  exposed 
should  be  covered  with  paint,  pitch,  or  any  other  coating  which  may  be  found  most  efficacious. 

50.  As  an  example  of  a  work  of  this  kind,  we  give  the  bridge  designed  by  Mr.  Nicholson,  and 
erected  over  the  River  Clyde,  at  Glasgow,  for  foot-passengers.  In  Plate  XLIX.  Fig.  1  is  a  general 
elevation  of  the  bridge.  Fig  2  is  a  longitudinal  section.  Fig.  3  is  the  joisting  with  the  fender  piles. 
Fig.  4,  a  transverse  section.  Fig.  5,  the  method  of  joining  the  beams  over  the  posts.  Fig.  6,  the 
method  of  joining  the  trusses  of  the  railing,  by  which  the  bridge  is  supported. 

CO.  With  the  exception  of  drawings  made  by  Palladio  and  others,  from  the  descriptions  given  in 
Csesar's  Commentaries,  of  his  bridge  over  the  Rhine,  we  have  no  satisfactory  account  of  any  ancient 
wooden-bridge.  Of  those  of  more  modern  times,  there  is  one  described  by  Palladio,  said  to  be  situ- 
ated upon  the  Cismone,  at  the  foot  of  the  Alps,  between  Trente  and  Bassane  in  Italy.  It  is  of  very 
simple  construction  ;  the  whole  being  suspended  by  the  framing,  which  forms  the  sides  ;  the  opening 
between  the  abutments  is  109  feet.  Palladio  also  gives  sundry  designs  for  wooden  bridges  formed  in 
different  ways,  some  of  which  are  supported  by  the  sides  only  ;  and  one  is  in  the  form  of  an  arch. 
In  Plate  LJfwe  have  given  four  examples  of  wooden  bridges  from  Palladio. 

We  are  informed  that  there  was  formerly  a  stone-bridge  at  Schauffhausen,  that  the  Rhine  injured 
the  piers,  and  that  in  the  year  1754  three  arches  fell ;  that  the  depth  of  water  immediately  on  the 
upper  side  of  the  old  piers  being,  during  summer,  from  18  to  20  feet,  and  from  28  to  30  feet  below 
them,  the  idea  of  rebuilding  a  stone-bridge  was  abandoned,  and  that  the  old  piers,  excepting  one  near 
the  middle,  were  taken  away ;  that  Ulric  Grubenmann,  a  common  carpenter  of  Tueffen,  produced  a 
model  for  a  wooden-bridge,  supported  only  by  the  abutments  on  the  banks  of  the  river ;  that  after 
some  hesitation  on  the  part  of  the  committee  of  Schauffhausen,  his  proposal  was  adopted,  and  that 
he  completed  this  truly  extraordinary  work  in  the  year  1758.  The  total  length  of  the  bridge  was 
364  feet,  and  its  breadth  18  feet.  It  was  eight  feet  out  of  a  straight  line,  and  the  angle  pointed  down 
the  river  ;  the  distance  from  the  abutment  next  the  town  to  the  angle  was  171  feet,  and  from  the 
angle  to  the  opposite  shore  193  feet.  When  Grubenmann  was  applied  to  to  erect  this  bridge,  he 
was  desirous  of  making  it  a  single  span  of  365  feet  from  one  side  of  the  river  to  the  other,  but  the 
magistrates  deemed  so  large  an  arch  in  timber  to  be  unsafe,  and  compelled  him  to  take  a  bearing 
upon  the  central  rock,  which  he  unwillingly  complied  with.  The  bridge  being  finished,  and  publicly 
opened  by  the  passage  of  loaded  carriages,  was  declared  to  give  complete  satisfaction,  and  that  being 
acknowledged,  it  is  said  that  Grubenmann,  in  presence  of  his  employers,  took  a  thin  board  and  passed 
it  between  the  apparent  abutment  and  the  top  of  the  rock,  to  show  them  that  although  it  appeared 
to  rest  upon  it,  it  did  not  in  fact  touch  it,  and  thus  that  he  had  accomplished  his  desire  of  making  it 
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a  single  spau.  However  this  may  be,  it  afterwards  sunk  by  the  compression  of  the  timber,  and  took 
a  solid  bearing  upon  the  rock,  which  no  doubt  afforded  very  material  assistance  in  its  support.  This 
bridge  was  much  admired  as  a  most  excellent  piece  of  carpentry,  but  owing  to  the  oak  beams  that 
came  in  contact  with  the  stone  foundations  being  placed  too  low,  and  not  being  exposed  to  air,  they 
rotted,  and  the  bridge  began  to  settle.  Grubenmann  being  dead,  it  was  repaired  in  1783  by  Georges 
Spengler,  another  ingenious  carpenter  of  Schauffhausen,  who  raised  the  whole  bridge  by  means  of 
screw  jacks,  and  replaced  the  decayed  timber.  This  was  the  only  repair  done  to  it  during  the  forty- 
two  years  it  existed,  and  it  would  probably  have  been  in  good  condition  at  the  present  day,  had  it 
not  been  burnt  by  the  French  army  in  1799.  This  bridge  was  not  composed  of  arches,  but  was 
on  the  principle  shown  in  Plates  LI.  and  LII. ;  viz.  a  number  of  diagonal  struts  or  braces  with 
straining  beams  between  them ;  but  the  road-way  did  not  pass  over  the  framing,  but  was  suspended 
between  separate  parallel  trusses  by  means  of  perpendicular  ties  called  stirrups,  united  at  their  lower 
ends  to  straight  beams  appearing  like  tie  beams,  but  having  neither  a  strain  of  extension  or  com- 
pression upon  them,  since  their  ends  may  hang  free  of  the  abutment  walls,  their  only  office  being  to 
support  transverse  joists  upon  which  the  planks  of  the  road  are  fixed. 

Fig.  1,  Plate  LI.,  exhibits  an  elevation  of  one  side,  including  the  roof,  which  was  covered  with 
shingles.  Fig.  2  is  a  cross  section  at  AAA,  showing  the  uprights  which  are  placed  on  the  pier, 
the  framing  under  the  level  of  the  road-way,  the  points  from  whence  the  braces  proceed,  the  mortices 
for  the  beams  which  support  the  road- way,  and  the  interior  construction  of  the  roof  at  these  uprights. 
Fig.  3  is  also  a  cross  section  at  B,  showing  in  what  manner  the  aforesaid  road-way  beams  and  the 
braces  pass  through  the  other  uprights,  how  the  uprights  are  connected  immediately  below  the  roof, 
and  also  how  the  two  pieces  of  which  they  are  composed  are  bolted  together.  Fig.  4  shows  the 
form  of  the  roof  at  that  place.  Fig.  5  shows  the  manner  in  which  the  road-way  beams,  and  those 
along  the  top  of  the  uprights,  are  united.  And  Fig.  6  explains  the  nature  of  the  points  at  C  and 
D,  by  which  the  several  pieces  which  compose  the  beam  are  connected  together  lengthwise.  In 
Plate  LII.  Fig  1,  is  a  longitudinal  section  including  the  lower  part  of  the  roof,  and  in  which  the 
situations  of  all  the  uprights,  beams,  braces,  and  iron  ties,  are  distinctly  shown.  Fig.  2  is  a  plan  of 
the  floor,  with  every  part  of  its  framing ;  and  Fig.  3  is  a  similar  plan  of  the  roof.  In  these  Figures 
every  part  of  the  construction  is  so  particularly  delineated,  as  to  render  its  office  evident  by  inspec- 
tion. The  braces  proceeding  from  each  abutment,  are  continued  to  the  beam  which  passes  along 
the  top  of  the  uprights,  and  the  lowest  of  these  general  braces  are  actually  united  under  that  beam, 
thereby  forming  a  continued  arch  between  the  abutments,  the  chord  line  of  which  is  364  feet,  and 
the  versed  sine  about  30  feet.  These  braces  are  kept  in  a  straight  direction  by  the  uprights ;  which 
are  placed  17  feet  5  inches  apart.  If  this  bridge  had  been  formed  in  a  straight  line  between  the 
abutments,  we  can  see  no  reason  why  this  form  of  construction  should  not  have  supported  a  road-way 
of  about  18  feet  in  breadth,  as  well  as  a  slight  roof;  because,  in  that  case,  all  the  weight  arising 
from  the  braces  which  proceed  from  the  middle  pier  would  have  been  saved,  and  the  roof  might  have 
been  made  much  simpler  and  lighter ;  but  the  general  direction  being  8  feet  out  of  a  straight  line,  and 
being  loaded  with  an  unnecessarily  heavy  roof,  it  was  certainly  advisable  to  make  use  of  the  bi'aces 
from  the  middle  pier,  and  thereby  composing  two  distinct  arches. 

Although  the  principles,  and  even  the  form  of  constructing  this  bridge,  might  have  been  drawn 
from  Gautier's  publication,  or  even  Palladio's  designs  for  wooden  bridges,  yet  from  the  account  oi 
Ulric  Grubenmann,  being  an  illiterate  man,  there  is  reason  to  think  it  was  from  his  own  inventive 
genius  that  the  whole  design  originated.  There  is  not  only  a  great  boldness  in  the  principal  mem- 
bers, but  also  a  wonderful  attention  to  all  the  minutiae  of  the  edifice  ;  and  from  even  the  roofing 
being  overdone  in  aiming  at  excellence  and  security,  it  is  evident  this  was  a  first  attempt,  and  that 
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there  was  an  anxiety  to  avoid  the  possibility  of  failure,  in  what  he  conceived,  and  what,  as  far  as 
regards  him,  was  really  a  totally  new  project. 

We  are  informed  that  John  Grubenmann  constructed  a  bridge  upon  the  same  principles,  of  240 
feet  span,  over  the  Rhine,  near  Richenau ;  also  that  the  two  brothers  erected  one  200  feet  span  over 
the  river  Limmat,  near  Baden.  And  that  the  last  work  of  Ulric  was  a  bridge  of  230  feet  span  at 
Wittingen.  In  this  last,  the  form  of  construction  was  varied :  instead  of  placing  the  braces  diverging 
from  each  other,  seven  beams  were  built  close  upon  each  other,  forming  a  catenarian  arch  between 
the  abutments,  of  which  the  rise  was  25  feet.  These  beam.?  were  of  oak,  in  lengths  of  12  or  14  feet, 
breaking  joint  in  the  manner  of  masonry.  They  were  not  fastened  by  pins,  bolts,  or  scarfings ;  but 
were  kept  together  by  iron  straps,  placed  five  feet  distant  from  each  other,  and  fastened  by  bolts  and 
keys.  The  road-way  intersects  them  about  the  middle  of  their  rise. 

Over  the  river  Portsmouth,  in  North  America,  a  Mr.  Bludget  constructed  a  wooden  bridge  250 
feet  span,  nearly  in  the  same  form  as  the  last  mentioned  of  Grubenmann  ;  that  is  to  say,  each  truss 
or  arch  consists  of  three  rows  of  beams  placed  parallel  with,  but  at  some  distance  from,  each  other, 
and  each  beam  consists  of  two  halves,  connected  by  dovetailed  keys  passing  through  them  horizon- 
tally ;  and  similar  keys  are  also  passed  vertically  through  all  the  three  beams.  This  has  a  more 
elegant  appearance,  than  where  the  beams  are  laid  close  together ;  but  we  doubt  if  the  frame  is 
equally  firm.  Though  of  inferior  magnitude,  several  upon  principles  equally  simple  and  effective, 
have  been  erected  upes  rivers  in  Scotland.  The  largest  is  over  the  river  Don,  about  seven  miles 
from  the  city  of  Aberdeen,  upon  the  road  which  leads  from  that  place  to  Banff;  the  extent  between 
the  abutments  is  109  feet  3  inches,  and  the  breadth  18  feet.  The  frames  which  support  the  road- 
way are  composed  of  short  pieces  of  timber,  but  instead  of  being  elevated  above  the  level  of  the 
road-way  in  order  that  it  may  be  suspended  from  them,  they  here  support  it  after  the  manner  of 
stone  voussoirs.  This  bridge  was  erected  in  1803. 

Small  timber  bridges  being,  in  all  countries  abounding  in  wood,  so  obvious  a  means  for  crossing 
streams,  it  is  impossible  to  trace  their  origin  and  progress ;  and  those  consisting  of  rows  of  piles  driven 
into  the  bed  of  a  river,  and  supported  by  common  trussings  and  bracings,  being  found  in  most  coun- 
tries, and  being  familiar  to  every  body,  it  is  only  necessary,  in  what  regards  them,  to  refer  to  the 
Plates,  and  what  has  been  said  above. 

61.  Many  other  timber  bridges  might  be  described,  but  our  limits  prevent  a  description  of  the 
details  such  as  the  manner  of  joining  the  timbers,  introducing  and  fixing  the  bolts  and  iron-work,  and 
many  other  particulars  which  alone  might  fill  a  volume.     These  matters  may  be  safely  left  to  tho 
judgment  of  the  Engineer,  when  he  has  obtained  clear  ideas  of  the  manner  in  which  pressures  will 
act  and  the  best  means  of  opposing  them.     But  to  strengthen  his  confidence  in  his  own  opinions  and 
plans,  it  would  be  well  that  he  should  carefully  inspect,  measure,  and  take  drawings  from  some  of 
the  best  bridges  built. 

62.  The  greatest  load  to  which  a  bridge  is  subject,  is  when  it  is  crowded  by  human  beings, 
and  such  a  load  amounts  to  about  120  Ibs.  to  every  square  foot,  independent  of  the  weight  of  the 
bridge  materials  themselves ;  so  that  the  actual  load  to  be  sustained  should  not  be  considered  less 
than  about  300  Ibs.  for  every  square  foot  of  road-way  ;  and  such  strength  ought  accordingly  to  bo 
vrovided  in  every  bridge  that  occurs  in  great  public  thoroughfares.     Timber  bridge  building  for  such 
situations  has  long  since  been  given  up  in  England ;  but  still  they  must  always  be  used  in  certain 
positions,  and  for  certain  uses ;  and  the  most  frequent  occasion  that  the  Engineer  will  have  for  them 
is  in  what  are  called  occupation  bridges  and  shifting  bridges  in  canal  work. 

63.  In  the  formation  of  a  navigable  canal,  it  very  frequently  happens  that  the  cutting  may  run 
through  a  portion  of  a  man's  estate  or  farm,  thus  cutting  off  all  communication  between  one-  part 
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and  another  by  the  intervening  water,  and  in  such  cases  the  laud-owner  has  a  right  to  insist  on  the 
canal  company  putting  him  up  such  a  bridge  as  shall  enable  him  to  have  free  access  to,  or  occupation 
of  his  land.  Such  bridges  not  being  on  public  roads,  nor  requiring  any  extraordinary  degree  of 
strength  or  elegance,  are  usually  made  of  wood  ;  and  of  course  are  maintained  and  kept  in  repair  by 
the  canal  owners,  unless  a  specific  agreement  is  made  to  the  contrary.  When  the  canal  is  not  in 
deep  cutting,  and  its  water  comes  nearly  to  the  same  level  as  the  surface  of  the  adjacent  land,  occu- 
pation bridges  require  considerable  elevation  in  order  that  boats  with  high  loads  may  pass  under  them  ; 
but  to  render  them  available,  it  becomes  necessary  to  construct  long  hills  or  inclined  planes  at  the 
abutments  in  order  to  obtain  easy  accessible  roads  to  them.  Such  hills  are  expensive  in  their  con- 
struction, dangerous  in  their  use,  and  often  unsightly  and  inconvenient ;  therefore  shifting  bridges 
are  frequently  used  in  place  of  them.  These  bridges  are  not  raised  up  above  the  ordinary  level  of 
the  land  and  roads,  but  they  shift  or  move  away  in  order  to  let  highly  loaded  boats,  or  vessels  with 
masts  pass  through  them. 

64.  Shifting  bridges  are  of  two  kinds,  the  draw-bridge  and  the  swing-lridge.     The  draw-bridge  is 
merely  a  wooden  platform  of  sufficient  width  to  allow  the  passage  of  horses,  wheel-carriages,'  and 
passengers,  and  of  sufficient  length  to  reach  from  one  side  of  the  canal  or  water-course  to  the  other, 
or  rather  to  reach  from  a  jetty  or  projecting  abutment  built  on  one  side  of  the  water  to  a  similar 
projection  on  the  opposite  side,  because  when  these  bridges  are  used  it  is  customary  to  contract  the 
water  passage  to  the  smallest  extent  that  will  permit  the  necessary  vessels  to  pass,  in  order  to  make 
the  bridge  platform  as  short  and  light  as  possible ;  for  a  platform  strong  enough  to  bear  heavily  laden 
waggons  must  necessarily  bo  heavy.     This  platform  is  so  fastened  by  pivots  or  hinges  at  one  of  its 
ends  to  the  jetty  or  projection,  that  it  can  be  raised  from  its  horizontal  into  a  vertical  position  while 
vessels  are  passing,  and  this  is  done  in  two  ways.     One  of  these  is  to  attach  a  chain  to  each  of  tho 
corners  of  the  unhinged  side,  to  lead  these  chains  over  two  iron  pulleys  fixed  on  the  hinged  side  at 
a  height  exceeding  the  length  of  the  platform,  and  to  let  them  terminate  at  a  cylinder  or  windlass, 
having  a  cogged  wheel  and  pinion  to  gain  power,  fixed  on  the  hinged  side,  for  raising  and  lowering 
the  platform  by  the  turning  of  a  handle.     The  other  method  is  to  fix  a  compound  framed  lever  of 
wood  or  cast-iron,  over  the  platform,  such  beam  having  strong  iron  pivots,  which  revolve  on  the  tops 
of  two  posts  fixed  firmly  in  the  ground  at  the  two  sides  of  the  bridge.     Two  chains  attached  at  their 
tops  to  the  corners  of  tho  framed  part  of  the  lever,  and  at  their  bottoms  to  the  sides  of  the  platform, 
rather  beyond  the  middle  of  its  length  ;  and  two  cast-iron  weights  are  fixed  on  to  the  two  arms  of  the 
lever  for  the  purpose  of  nearly  balancing  the  weight  of  the  platform,  and  making  it  more  easy  to 
move.     The  platform  should,  however,  have  a  preponderance,  in  order  that  it  may  lie  steadily, 
when  down,  but  the  counterpoising  weights  assist  materially  in  the  ease  and  expedition  of  using  the 
bridge,  and  are  as  important  in  lowering  as  in  raising  it ;  for  if  the  platform  is  permitted  to  descend 
without  counterpoise,  it  falls  with  a  force  that  soon  deranges  itself,  as  well  as  the  sill  that  is  to  receive 
it,  and  will  stand  in  need  of  constant  repair. 

65.  When  the  canal  or  water-course  is  very  wide,  two  flaps  or  platforms,  with  separate  apparatus 
for  moving  them,  are  hinged,  one  on  each  shore,  and  in  this  case  they  meet  and  abut  against  each 
other  in  tho  centre,  and  they  must  be  curved  and  have  good  abutments  on  their  land  sides,  to  prevent 
them  from  spreading.     Such  drawbridges  are  very  frequently  introduced  into  the  central  or  widest 
opening  of  stone,  or  other  permanent  river-bridges,  to  permit  tall  masted  vessels  to  pass  through 
them. 

66.  The  swing-bridge  is  much  more  expensive  in  its  construction  than  the  drawbridge,  but  is  very 
much  used  in  canals,  particularly  for  roads,  when  they  are  not  sufficiently  frequented  to  warrant  the 
construction  of  a  permanent  brick  or  stoue  bridge.     Their  construction  is  such  that  the  bridge  never 
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changes  its  horizontal  position,  but  turns  a  quarter  round  upon  a  pivot,  so  that  it  may  be  turned 
over  the  water,  or  be  pushed  on  one  side  so  as  to  come  over  the  dry  shore. 

67.  The  principles  of  carpentry  already  laid  down  apply  to  the  construction  of  floors,  partitions, 
frame  buildings  and  roofs  of  every  description  ;  but  wo  have  yet  to  notice  another  important  appli- 
cation of  them,  which  is  the  construction  of  centring  for  the  support  of  arches  while  they  are  build- 
ing, and  with  this  we  shall  conclude  the  present  division  of  the  subject. 

Whoever  contemplates  the  nature  of  an  arch  formed  of  bricks,  stones,  or  other  separate  pieces  of 
material,  must  be  convinced  that  they  could  not  be  placed  in  the  positions  they  are  intended  to 
maintain,  without  some  artificial  support  for  them  to  rest  upon,  until  the  arch  is  completed  and 
made  capable  of  supporting  itself.  And  when  that  is  done,  this  artificial  support  has  to  be  removed 
in  order  to  throw  open  the  space,  that  has  been  arched  over,  without  any  impediment. 

This  applies  equally  to  all  arches  or  vaults  from  the  smallest  to  the  largest,  and  the  artificial 
support  that  is  thus  made  use  of,  is,  as  a  whole,  called  the  centre,  or  more  properly  the  centring  of 
the  arch. 

681  In  the  construction  of  centring  for  small  arches,  little  or  no  skill  is  necessary ;  and  in  all 
centring  the  two  chief  points  to  be  attended  to  are,  that  its  upper  or  bearing  surface  shall  be  very 
correctly  formed  to  the  figure  assigned  to  it,  whether  it  be  a  portion  of  a  circle,  ellipse,  or  any  other 
curve ;  and  that  it  shall  be  sufficiently  strong  to  bear  the  weight  of  the  materials  the  arch  is  to  be 
composed  of,  together  with  the  workmen,  tools,  and  other  things  that  may  be  placed  upon  it,  without 
sinking  or  changing  its  form.  The  first  is  necessary,  because  as  the  bricks  or  stones  are  in  succes- 
sion placed  immediately  upon  the  upper  surface  of  the  centring,  so  of  course  the  work,  when  finished, 
will  exactly  coincide  with  the  form  of  such  surface,  and  if  any  irregularities  or  inequalities  exist  in 
the  centring,  they  will  be  transferred  to  the  work,  making  it  unseemly  to  the  eye,  and  perhaps 
endangering  its  stability.  The  second  qualification,  strength  and  stability,  is  necessary  to  the  per- 
fection of  the  first  condition,  because  if  a  centre  is  made  in  the  most  true  and  perfect  manner  before 
it  is  loaded,  and  from  weakness  or  bad  fixing  it  changes  its  form  or  position  from  the  gradually 
increasing  load  that  is  brought  upon  it,  it  will  have  just  as  bad  an  eifect,  or  indeed  worse,  than  if  it 
had  been  badly  formed  in  the  first  instance.  Because  bricks,  mortar,  and  stone  are  inflexible  mate- 
rials, which  admit  of  no  change  of  form  after  they  are  set,  without  breaking.  The  first  portion  of 
work  that  is  placed  upon  the  centring  will  of  course  adapt  itself,  or  will  be  adapted,  to  the  exact 
form  of  the  centre.  But  if  by  continuing  the  work  and  increasing  the  load,  the  centre  is  made  to 
alter  its  figure,  it  may  in  the  one  case  produce  a  thrusting  or  expanding  force  against  the  new  work, 
and  thereby  cause  its  joints  to  crack,  or  it  may  sink  or  recede  from  that  work  and  leave  it  without 
support,  which  will  cause  its  settlement,  thereby  destroying  its  symmetry  and  beauty,  as  well  as  its 
stability. 

69.  The  principles  of  the  construction  of  roofs  already  explained  apply  with  certain  modifications 
to  those  of  centres ;  but  the  centring  for  arches  is  subject  to  many  more  difficulties  than  roofs,  and 
require  the  exertion  of  skill  and  judgment  to  guard  against  them.  The  roof  is  a  fixed  construction, 
which  when  once  put  in  its  place  is  never  afterwards  to  be  disturbed,  therefore  any  necessary  pre- 
cautions may  be  resorted  to  for  making  it  stable  and  secure.  It  has  only  to  be  covered  with  such 
slight  materials  as  will  resist  the  action  of  rain,  snow,  or  heat ;  and  consequently  they  are  never 
very  heavy,  and  whatever  their  weight  may  be,  it  is  distributed  with  equality  over  the  whole  surface. 
No  change  takes  place  in  the  load  of  a  roof,  except  that  which  arises  from  snow  lying  upon  it,  or 
perhaps,  occasionally,  persons  standing  upon  it.  With  arch  centring  the  case  is  quite  different. 
The  centre  is  not  a  fixed  or  stable  erection,  but  is  one  that  has  to  be  moved  and  taken  away,  as  soon 
as  it  has  performed  its  office,  and  that  without  injury  or  disfigurement  of  the  adjacent  work  ;  conse- 


112  PRACTICAL  ARCHITECTURE.  [PART  II. 

quently  it  cannot  be  let  into  it,  or  form  any  part  of  it.  The  work  or  covering  that  is  placed  upon 
it,  so  far  from  being  light,  is  massive  and  heavy  in  the  extreme  ;  for,  in  the  arches  of  large  bridges, 
it  is  no  uncommon  case  to  have  hundreds  of  tons  of  stone-work  thrown  upon  the  centre  and  depend- 
ing wholly  upon  it  for  support.  And  the  load  cannot  be  equally  distributed  over  the  whole  surface, 
because  it  has  to  be  built  up  gradually  from  its  lowest  to  its  highest  point,  and  is,  therefore,  a  con- 
stantly increasing  series,  incapable  of  aiding  or  supporting  itself  until  the  key-stones  are  introduced ; 
and  even  then,  although  the  arch  may  be  capable  of  standing  by  itself,  the  centre  is  not  relieved 
from  its  weight,  until  it  is  lowered,  or  permitted  to  recede  from  the  superincumbent  work.  For 
these  reasons  the  construction  of  a  good  and  effective  centring,  and  the  manner  of  fixing  it  so  that 
it  shall  be  perfectly  stable  and  firm  while  in  use,  and  yet  be  easily  lowered  a  small  quantity  without 
changing  its  figure  or  its  original  firmness  and  stability,  and  finally,  that  it  may  be  entirely  taken 
down  and  moved  without  injury  or  danger  to  the  work  built  around  it,  is  considered  as  one  of  the 
most  difficult  tasks  the  Engineer  has  to  perform,  and  as  a  masterpiece  of  workmanship  in  the  artists 
employed  in  its  execution.  In  fact,  the  beauty,  stability,  and  duration  of  an  arch  constructed  of 
proper  materials  and  with  good  workmanship,  is  dependent  entirely  on  the  perfection  of  the  centring 
upon  which  it  has  been  built. 

70.  Every  centre  consists  of  two  principal  parts  or  elements.     One  is  called  the  rib,  and  this 
answers  the  important  part  of  determining  the  form  or  curve  of  the  arch,  and  of  giving  strength  and 
support  to  the  whole  fabric ;  and  the  other  is  the  covering,  or  lagging  (as  it  is  technically  called), 
and  consists  of  parallel  boards,  planks,  or  timbers,  extending  from  one  rib  to  another,  or  over  several 
ribs  according  to  the  extent  of  the  arch,  and  which  is  for  the  purpose  of  connecting  the  ribs  together, 
and  forming  an  extended  smooth  surface,  upon  which  the  bricks,  stones,  or  other  materials  of  the 
arch  are  to  be  built  and  put  together. 

71.  In  small  centres  these  parts  or  elements  are  usually  nailed  together  and  combined,  so  that 
the  ribs  and  lagging  constitute  but  one  piece,  and  the  whole  is  moved  and  set  up  together.     But  in 
large  centrings,  the  weight  and  magnitude  of  the  materials  renders  it  necessary  that  they  should 
be  separate.     Nay,  even  more,  for  a  single  rib  of  the  centring  of  a  large  arch  is  so  large  and  pon- 
derous that  it  can  seldom  be  moved  in  its  entire  state,  but  requires  to  be  taken  asunder,  and  carried 
in  detached  pieces  to  the  place  where  it  has  to  be  used,  and  it  must  there  be  put  together  or  rebuilt, 
taking  care  to  place  it  so  exactly  in  its  proper  position  that  it  will  require  no  alteration  after  its 
erection.     Of  course  as  many  ribs  as  are  needful  will  require  the  same  treatment,  and  after  they 
are  all  set  up  parallel  to  each  other  and  adjusted  so  that  their  upper  surfaces  may  bone  perfectly  in 
the  direction  of  horizontal  lines  strained  across  them,  and  they  are  found  perfectly  out  of  winding, 
they  are  to  be  secured  in  their  places  by  sloping  or  diagonal  braces  from  one  rib  to  the  other,  and 
then  the  lagging  or  covering  may  be  placed  .aid  fixed  upon  them. 

72.  No  centre  can  be  formed  even  for  an  arch  of  a  single  brick,  or  nine  inches  in  thickness,  with- 
out two  ribs,  viz.  one  at  each  end  of  the  lagging ;  and  the  additional  number  of  intermediate  ribs 
must  depend  conjointly  on  their  own  strength,  and  the  weight  of  materials  they  have  to  support. 
This  problem  can  only  be  solved  by  the  practical  skill  of  the  Engineer,  aided  by  the  rules  that  have 
already  been  given  for  determining  the  strength  of  materials,  observing,  in  all  cases,  that  it  is  better 
to  err  on  the  side  of  too  much  strength,  than  to  trust  to  weak  or  nearly  calculated  structures.     A 
large  rib  is  always  an  expensive  construction,  but  its  first  cost  is  nothing  in  comparison  to  the  expense 
that  will  be  incurred  by  its  failure  when  in  use,  because  if  it  sinks  or  changes  its  figure  during  the 
construction  of  the  arch,  there  is  no  way  of  repairing  the  mischief  that  may  arise,  except  that  of 
pulling  down  all  the  previous  work,  strengthening  the  centre  where  it  fails,  and  beginning  the  whole 
operation  again.     In  large  bridges  it  is  customary  to  place  the  ribs  parallel  to  each  other,  and  from 
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three  to  six  feet  asunder,  according  to  circumstances ;  and  from  what  has  already  been  observed 
upon  them,  it  will  be  seen  that  their  use  and  action  is  similar  to  the  trussed  principals  of  a  roof; 
and  as  all  the  weight  of  the  superstructure,  including  the  lagging,  is  to  be  supported  by  the  ribs,  it 
will  be  equally  evident,  that  the  support  of  the  whole  centring,  while  it  is  in  use,  must  be  applied 
under  the  feet  or  abutment  of  the  ribs  and  nowhere  else. 

73.  In  all  regular  arches,  such  as  portions  of  cylinders,  or  any  curves  which  have  the  same  dimen- 
sion throughout,  all  the  ribs  made  use  of  must  be  precisely  of  the  same  size ;  and  as  the  load  of 
work  to  be  placed  upon  them  will  be  very  nearly  equal  in  all  parts,  when  the  arch  is  finished,  so  the 
ribs  should  be  of  equal  strength.     It  follows  from  this,  that  any  mode  of  construction  that  is  adopted 
for  one  rib  will  equally  apply  to  all  the  others  made  use  of ;  and  hence  in  describing  centres,  we 
shall  adopt  the  usual  plan  of  giving  a  description  of  one  rib  only,  and  saying  how  often  that  rib  is 
to  be  repeated,  keeping  in  mind  that  however  long  the  arch  may  be,  the  lagging  runs  the  whole 
length  of  it  upon  the  curved  surface  of  the  ribs,  and  in  most  cases  at  right  angles  to  them  ;  conse- 
quently no  particulars,  except  dimensions,  will  be  necessary  in  describing  the  lagging. 

74.  In  some  cases  it  may  be  necessary  to  construct  what  are  called  flewing  arches,  or  arches  that 
are  wider  at  one  end  than  the  other  ;  or  whose  figure  resembles  a  part  of  the  superficies  of  a  trun- 
cated cone.     In  this  case  the  ribs  must  evidently  not  be  of  the  same  size,  but  must  be  formed  with 
different  radii  of  curvature.     One  rib  must  be  made  for  the  large  end  of  the  arch,  and  another  for 
the  small  one,  and  these  being  set  up  parallel  to  each  other,  or  in  such  other  position  as  the  two 
ends  of  the  arch  are  meant  to  have  in  respect  to  each  other  when  finished,  lines  must  be  fixed  and 
stretched  upon  the  curved  surfaces  of  the  two  ribs  at  proportional  distances  from  each  other,  and 
these  lines  will  give  the  magnitudes  of  any  number  of  intermediate  ribs  which  it  may  be  thought 
necessary  to  construct  and  place  at  any  assigned  distances  between  the  two  exterior  ribs.     The  lag- 
ging must  of  course  run  in  right-lined  directions  over  the  outsides  of  all  the  ribs,  and  will  complete 
the  conical  or  other  diminishing  surface  which  has  to  be  given  to  the  finished  arch. 

75.  It  may  here  be  observed,  that  with  the  exception  of  building  bridges  of  one  or  of  two  arches, 
there  is  no  necessity  for  providing  a  quantity  of  centring  equal  in  superficies  to  the  quantity  of  arch 
to  be  constructed,  because  centres  may  be  shifted  and  carried  from  one  place  to  another,  as  the  work 
proceeds,  which  saves  a  great  expense.     Thus  in  constructing  a  culvert  or  cylindrical  drain  for 
carrying  water,  or  making  a  long  vault  or  passage  under  ground  between  two  parallel  walls  that  have 
to  be  arched  over,  a  centring  of  from  six  to  nine  feet  long,  or  even  less  if  the  opening  be  large  and 
the  centring  heavy,  will  be  all  that  is  necessary.     This  centring  is  first  to  be  fixed  in  its  proper  place 
at  one  end  of  the  work,  and  the  arch  is  then  worked  over  its  whole  extent.     That  done,  the  centre  is 
struck  (which  is  the  technical  expression  for  releasing  and  taking  down  centring,)  and  it  is  moved 
forward  very  nearly  its  own  length,  taking  care  to  leave  an  inch  or  two  of  one  of  its  ends  underneath, 
but  in  contact  with  the  underside  of  the  portion  of  arch  that  has  been  built.     In  this  new  position  it 
is  to  be  made  straight  and  level  and  again  fixed ;  when  a  second  quantity  of  arch  work  equal  to  its 
length  may  be  built  upon  it,  when  it  is  again  struck,  advanced,  adjusted,  and  fixed,  and  is  ready  for 
a  third  length  of  work,  and  by  this  process  the  arched  vault  may  be  continued  any  required  distance 
with  only  one  short  centring.     The  only  rule  that  can  be  given  for  its  dimensions  in  such  cases  is, 
that  it  must  not  be  so  long  or  so  heavy  as  to  require  any  extraordinary  exertion  to  move  or  refix  it, 
because,  in  these  cases,  there  is  generally  not  much  room  for  action,  and  a  danger  of  disturbing  and 
breaking  part  of  the  former  work,  unless  the  shifting  and  refixing  can  be  performed  with  great 
facility. 

76.  In  building  a  brick  or  stone  bridge,  of  a  single  arch,  over  a  river,  it  is  obvious  that  we  must 
fix  the  entire  centring  at  once,  before  the  arch  is  commenced,  and  likewise  in  building  a  similar 
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bridge  of  two  arches,  where  the  meeting  or  springing  of  both  arches  rests  upon  a  pier  in  the  middle 
of  the  river,  and  the  other  feet  of  the  arches  abut  on  the  banks,  two  centrings,  one  for  each  arch, 
will  be  necessary,  and  they  must  both  be  fixed  in  their  places  before  the  arch  is  commenced.  The 
reason  of  this  is,  that  if  only  one  centre  should  be  used,  resting  upon  the  bank  or  shore  at  one  end, 
and  upon  the  pier,  in  the  centre  of  the  river,  on  the  other,  and  an  arch  should  be  constructed  from 
one  to  the  other,  it  would  be  impossible  to  strike  and  move  the  centring  when  the  arch  is  finished, 
without  endangering  its  downfall,  unless  the  central  pier  is  exceedingly  strong.  For  so  soon  as  the 
centring  is  removed  the  lateral  spread  of  the  arch  will  come  into  play,  and  as  it  will  be  incapable  of 
acting  upon  the  solid  stone  abutment,  all  its  lateral  expansive  force  will  be  exerted  against  the  pier 
in  the  direction  in  which  it  is  least  capable  of  resisting  pressure,  and  it  will  be  overset.  But  by 
having  the  two  centrings  fixed  at  once,  both  arches  will  proceed  at  the  same  time — an  equality  of 
load  is  induced  on  the  two  opposite  sides  of  the  pier,  and  when  the  centres  are  removed  two  thrusting 
forces,  which  are  equal  and  diametrically  opposite  to  each  other,  come  into  action  at  once  and 
neutralize  each  other,  and  the  pier,  therefore,  remains  undisturbed. 

77.  If  a  bridge  of  many  arches  has  to  be  constructed,  for  the  reasons  above  assigned,  two  centres 
only  will  be  absolutely  necessary,  though  the  use  of  a  third  will  be  advantageous.     In  this  case,  the 
two  or  three  centres  of  the  arches  of  one  end  or  abutment  of  the  bridge  are  first  fixed,  and  the  land, 
or  abutment  arch  is  first  commenced  from  both  its  feet  or  abutments,  and  in  doing  this  a  part  of  the 
second  arch  must  also  be  commenced  upon  the  first  pier  so  as  to  weigh  it  down,  and  at  the  same 
time  to  throw  an  equal  weight  on  both  sides  of  it,  by  which  its  stability  is  much  increased ;  and  this 
eifect  will  be  further  augmented  by  also  working  up  a  small  part  of  the  second  arch  upon  the  second 
pier,  so  as  to  balance  the  second  centring  and  prevent  its  sliding  away  from  the  lateral  pressure  of 
the  load  placed  upon  it.     By  judicious  and  skilful  management  the  loading  may  be  so  arranged  that 
the  first  or  land  arch  may  be  completed,  when  its  centring  may  be  struck  and  carried  to  the  position 
of  the  third  OF  fourth  arch  as  the  case  may  be,  and  then  the  second  arch  from  the  land  may  be  com- 
pleted, and  in  this  way  a  bridge  may  be  carried  over  a  river  until  it  arrives  within  two  arches  of  the 
opposite  side,  when,  if  three  centrings  have  been  formed,  one  or  two,  as  the  case  may  be,  can  b» 
fixed  at  once  and  worked  up  from  the  opposite  shore  to  complete  the  work. 

78.  This  mode  of  proceeding  does  not  often  apply,  because  it  is  generally  the  case  that  the  central 
arch  of  a  bridge  is  larger  than  any  of  the  others,  and  that  they  diminish  in  size  as  they  approach 
the  shores ;  and  whenever  this  is  the  case  the  centrings  cannot  be  interchanged,  except  by  com- 
mencing operations  on  one  side  of  the  river  and  then  moving  to  the  other,  and  so  on  alternately, 
until  the  meeting  is  made  at  the  central  arch.     It  was,  however,  adopted  by  Mr.  Rennie,  the  English 
Engineer,  in  the  construction  of  Waterloo  Bridge  across  the  Thames,  in  London,  which  consists  of 
nine  semi-elliptic  stone  arches  all  precisely  alike,  each  rising  35  feet  and  having  a  span  or  opening 
of  120  feet.     The  object  of  this  similarity  of  dimensions  in  all  the  arches,  is  to  obtain  a  perfectly 
level  road  or  causeway  over  the  bridge,  instead  of  ascending  and  descending  two  hills  or  inclined 
planes,  as  is  the  case  in  most  bridges. 

79.  It  sometimes  happens  that  arches  have  to  be  constructed,  for  the  sake  of  their  strength  alone, 
in  places  where  they  will  never  be  seen ;  consequently  their  symmetry  and  beauty  is  not  important, 
and  in  some  cases  the  introduction  and  taking  away  of  centring  might  be  difficult,  or  even  impossible. 
Thus,  for  example,  if  a  very  large  window  or  opening  has  to  be  left  in  a  high  and  heavy  wall,  but 
which  we  require  to  have  a  straight  or  right  lined,  instead  of  an  arched  appearance,  there  is  no  way 
of  doing  this  except  by  throwing  a  timber  or  stone  lintel  or  breast-summer  across  the  opening,  and 
building  upon  it.     That  lintel  may  be  consumed  by  fire,  may  break,  or  will  decay  in  time,  and  may 
.thus  endanger  the  wall.     To  guard  against  this  we  have  only  to  build  a  quantity  of  work  upon  such 
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lintel  with  a  curved  or  semicircular  termination  above,  but  without  any  regard  to  the  bond  of  the 
rest  of  the  work,  such  curve  springing  from  the  perpendicular  sides  of  the  opening,  or  what  is  still 
better,  from  the  extreme  ends  of  the  lintels.  This  work  is  to  be  used  as  a  centring  for  turning  an 
arch  upon,  and  this  is  next  to  be  done,  when  the  wall  may  proceed  upwards  upon  the  arch,  just  as  it 
would  have  done  upon  the  lintel ;  and  it  will  be  evident  that  where  such  a  construction  is  resorted 
to,  the  whole  lintel  may  decay,  or  may  be  taken  away,  as  well  as  the  quantity  of  work  that  was  used 
as  centring,  because  now  the  arch  will  sustain  the  load  instead  of  the  lintel,  and  a  new  lintel  can  at 
any  time  be  introduced. 

80.  It  frequently  happens  that  arches  are  necessary  for  the  support  of  the  underground  foundations 
of  walls  and  other  erections,  and  which  might  not  be  able  to  bear  the  great  expense  of  regularly 
framed  centring.  Thus  in  digging  the  foundation  for  a  long  wall,  the  soil  in  general  may  be  hard, 
solid,  and  trustworthy,  but  we  occasionally  meet  with  soft  places,  arising  from  springs,  quicksands, 
or  the  ground  having  been  before  dug  up,  or  recently  made  level,  which  would  render  it  unsafe  to 
carry  the  wall  over  them,  and  in  this  case  it  may  be  necessary  to  turn  an  arch  from  one  hard  place 
to  another,  thus  passing  over  the  soft  and  insecure  places.  This  may  generally  be  done  by  an  earth- 
centre,  i.  e.  by  having  a  concave  curved  mould  or  pattern,  formed  out  of  thin  plank  to  the  shape  we 
wish  to  give  the  arch,  and  then  digging  up  and  forming  the  ground  so  as  to  fit  the  curve  of  the 
mould.  The  earth  so  shaped  must  bo  well  and  solidly  rammed  down  until  the  desired  curve  is 
obtained,  and  then  a  brick  or  stone  arch  may  be  built  upon  it  just  as  well  as  upon  a  regular  centring 
made  by  the  carpenter,  and  upon  the  top  of  this  the  wall  may  proceed  upwards  with  perfect  security ; 
for  if  the  soft  soil  sinks  away  from  under  the  arch,  it  will  only  be  the  same  thing  as  taking  the 
timber  centre  away  from  an  arch  constructed  by  the  regular  process. 

'  81.  This  mode  of  centring  is  constantly  resorted  to  for  covering  over  furnaces,  bakers'  ovens,  and 
cinder  or  coke  ovens,  the  tops  of  which  are  an  irregular  kind  of  dome,  which  would  be  difficult  to 
construct  in  carpentry.  But  the  side  walls  being  carried  up  perpendicularly,  the  body  of  the  oven 
is  filled  with  damp  sand,  which  is  raised  up  in  a  convex  form  to  the  exact  shape  the  dome  is  intended 
to  have,  and  the  bricks  are  then  laid  as  over  any  other  centring.  When  sufficiently  dry  and  set, 
the  sand  is  dug  away  and  moved  through  the  door  or  mouth  of  the  oven.* 

*  The  paragraphs  of  this  Section,  from  67  to  81  inclusive,  are  taken  from  Mr.  Millington's  excellent  '  Elements  of 
Civil  Engineering.'  Philadelphia,  1843. 


SECTION   IV. 

JOINERY.* 

Definitions,   1 — 4. Scribing  and  Mitreing,  5 — 9. Formation  of  Curved  bodies,   10. Formation  of  Bodies  in 

Parts  by  joining  them  with  Glue,  11,  12 Bending  Machine,  13 Hinged  Joints,  14 — 21 Door-joints,  22,  23. 

Folding  doors,  24 Window  Frames,  25—31 Sashes,  32 Skylights,  33,  34 Elliptic  Archivolt,  35. 

Mouldings,  36—58 Stairs,  59—68. Hand-Railing,  69—83. 

1.  JOINERY  is  the  art  of  employing  wood  in  the  finishing  of  rooms,  and  other  parts  of  buildings. 
It  is  a  difficult  art  to  acquire,  yet  the  convenience  and  comfort  of  dwellings  depend  more  on  it  thau 
on  any  other ;  hence  the  respect  which  is  universally  bestowed  on  a  good  joiner. 

2.  The  smoothing  of  wood,  by  cutting  the  superfluous  parts  away  in  thin  equal  slices,  is  called 
planing  ;  and  the  tools  used  for  this  purpose  are  called  planes,  whether  they  are  employed  in  reducing 
the  surface  to  a  plane,  or  to  a  convex,  a  concave,  or  an  undulated  form. 

3.  The  wood  is  called  stuf,  and  is  previously  formed  into  rectangular  prisms  by  the  saw.     These 
prisms  are  denominated  deals,  boards,  battens,  planks,  &c.  according  to  their  dimensions  in  breadth 
and  thickness.     So  that  in  this  article,  whenever  a  piece  of  wood  is  spoken  of,  it  is  understood  to  be 
bounded  by  six  planes,  and  to  have  all  its  angles  right  angles. 

4.  The  arrises  are  the  lines  of  concourse  formed  by  every  two  planes,  and  are  therefore  eight  in 
number. 

OF  THE  CONNECTION  OF  ANGLES. 
[Plate  LIU.-} 

5.  When  two  bodies  are  so  fitted  together  that  their  surfaces  intersect  or  meet  each  other,  they 
are  in  general  said  to  mitre  or  scribe. 

6.  Two  bodies  are  said  to  mitre  together  in  a  plane  passing  through  the  common  intersection  of 
their  surfaces. 

7.  One  body  is  said  to  scribe  upon  another,  when  the  two  surfaces  intersect  each  other,  and  when 
so  much  of  the  one  body  is  cut  off  to  make  way  for  the  other  body  entire. 

8.  In  finishing,  whether  the  bodies  are  mitred  or  scribed,  the  external  appearance  is  the  same. 

9.  The  most  approved  modes  of  joining  angles,  are  shown  in  Plate  LIII. 

Figs.  1  and  2,  exhibit  methods  of  joining  boards,  framing,  or  dado  at  an  internal  angle. 

Figs.  3,  4,  5,  6,  7,  8,  9  and  10,  exhibit  the  joining  of  boards,  &c.  at  an  external  angle. 

In  Figs.  1,  2,  3,  the  position  of  the  grain  of  the  wood  is  most  frequently  parallel  to  the  direction 
of  the  edges  of  the  section ;  but  when  employed  in  the  construction  of  troughs,  it  is  parallel  to  the 
mitre  line 

In  Figs.  4  and  5,  the  external  angle,  being  that  which  is  exposed  to  sight,  is  rounded  or  beaded. 

*  This  Article  has  been  greatly  enlarged  and  enriched  by  incorporating  with  it  the  principal  part  of  Mr.  Nicholson's 
contribution  on  Joinery  to  the  Edinburgh  Encyclopaedia. 
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Figs.  6,  7,  8,  aud  10,  are  what  are  properly  denominated  mitres, 

Fig.  6  is  the  most  common  form  of  a  mitre. 

Fig.  7  a  lapped  mitre,  which  is  much  stronger  than  Fig.  6. 

Fig.  8  a  lapped  and  tongued  mitre  used  in  the  construction  of  the  pews  of  St.  Pancras  church. 

Fig.  9  represents  common  dove-tailing. 

Fig.  10,  secret  or  mitre  dove-tailing. 

OF  THE  FORMATION  OF  CURVED  BODIES. 
\Plate 


10.  When  a  curved  surface,  or  a  curved  bar,  is  to  be  formed,  the  effect  may  be  produced  in  the 
one  case  by  grooving,  and  in  the  other  by  bending.     The  incurvation  of  bodies  by  grooving  is  shown 
in  Plate  LIV.,  where 

Fig.  1  exhibits  the  method  of  forming  a  concave  cylindric  surface.  ABC  is  a  transverse  section  ; 
and  DEFG  the  elevation  of  the  back. 

Fig.  2,  the  method  of  forming  a  concave  conic  surface  for  a  half  cone  ;  ABC  being  the  transverse 
section,  and  DGHI  the  elevation  of  the  back. 

Fig.  3  exhibits  the  method  of  forming  a  concave  conic  surface  for  a  segment  less  than  a  semi- 
cone  ;  ABC  being  the  portion  required,  and  DGHI  the  elevation. 

The  remaining  figure  shows  how  a  concave  spherical  surface  is  formed  in  gores;  AD  being  the 
section,  FGH  the  gore,  and  ABC  the  templet  to  bend  it  upon. 

FORMATION  OF  BODIES  IN  PARTS  BY  JOINING  THEM  WITH  GLUE. 

[Plate  LV.~\ 

11.  Fig.  1,  No.  1,  is  a  section  of  two  boards  glued  up  edge  to  edge.     No.  2,  face  of  the  same. 
Fig.  2,  a  section  of  two  boards  glued  edge  to  edge,  with  a  tongue  inserted  in  a  groove  in  each 

piece. 

By  these  means,  a  board  may  be  made  to  any  breadth,  though  the  pieces  which  compose  it  be  ever 
so  narrow. 

Fig.  3,  two  boards  fixed  at  right  angles,  the  edge  of  the  one  being  glued  upon  the  side  of  the 
other.  They  are  strengthened  by  a  block,  which  is  fitted  and  glued  to  the  interior  sides. 

Fig.  4,  No.  1,  a  section  of  two  boards  at  an  oblique  angle,  mitred  and  glued  together,  with  a  block 
in  the  angle.  No.  2  shows  the  inner  sides  of  the  boards  thus  fixed.  By  this  method  columns  are 
glued  up. 

Fig.  5,  No.  1,  section  of  an  architrave.  As  the  moulding  is  generally,  if  not  always,  glued  to  the 
plate  or  board,  the  dotted  line  circumscribing  the  moulded  part  shows  the  section  of  the  piece  to  be 
glued.  No.  2,  face  of  the  architrave.  No.  3,  a  section  of  the  architrave  before  it  is  moulded.  No. 
4,  a  front  of  the  same.  No.  5,  a  section  of  the  same  to  a  reduced  size,  with  the  button  and  nail, 
showing  the  manner  in  which  the  two  parts  are  glued  together.  No.  6  shows  the  back  of  the  archi- 
trave with  the  buttons.  The  black  dots  show  the  heads  of  the  nails.  The  buttons  are  used,  in  order 
to  bring  the  two  surfaces  which  are  glued  together  in  contact,  after  the  pieces  have  been  set  and  held 
together,  and  are  afterwards  knocked  off  when  the  glue  becomes  dry,  and  then  the  moulding  is  stuck, 
as  shown  by  the  section,  No.  1,  and  elevation,  No.  2. 

Fig.  6  shows  the  method  of  glueing  up  a  solid  niche  in  wood.  No.  1  is  the  elevation.  Here  the 
work  is  constructed  in  the  same  manner  as  if  it  were  stone  or  brick,  except  that  the  joints  are  all 
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parallel  to  the  plane  of  the  base  ;  for  it  is  difficult  to  make  a  joint  with  curved  surfaces,  as  would 
necessarily  be  the  case  if  they  all  tended  to  the  centre  of  the  sphere.  No.  2  and  No.  3  show  the 
two  bottom  courses,  where  the  vertical  joints  are  made  to  break,  and  not  to  fall  in  the  same  planes. 
This  is  distinctly  seen  in  the  elevation,  No.  1. 

Fig.  7  shows  the  manner  of  glueing  veneers  together,  so  as  to  form  a  cylindrical  surface.  This 
is  done  by  nailing  brackets  to  a  board,  with  their  faces  upwards,  and  their  ends  perpendicular,  leaving 
a  cavity  sufficient  for  the  veneers  and  wedges  between  the  ends.  In  No.  1,  the  thin  part  in  the  form 
of  an  arc  shows  the  veneers  in  the  state  of  being  glued,  and  the  wedges  are  shown  upon  the  convex 
side.  No.  2  is  a  section  of  the  board  and  bracket.  The  veneers  ought  to  be  heated  before  a  large 
fire,  and  the  glue  laid  on  the  surfaces  that  are  to  come  in  contact  as  hot  as  possible,  to  prevent  the 
glue  from  setting,  observing  to  glue  only  a  small  portion  at  a  time,  and  then  wedge  it  up.  When 
the  glue  is  dry,  the  wedges  must  be  slackened,  and  the  veneers,  which  will  then  form  one  solid, 
taken  out. 

Fig.  8  shows  a  very  strong  method  of  forming  a  concave  surface,  by  laying  the  veneer  upon  a 
cylinder,  and  backing  it  with  blocks  in  the  form  of  bricks,  which  are  glued  to  the  convex  side  of  the 
veneers,  and  to  each  other.  The  fibres  of  the  blocks  must  be  as  nearly  parallel  as  possible  to  the 
fibres  of  the  veneers.  No.  1  shows  a  section  of  the  cylinder,  veneer,  and  blocks.  No.  2  shows  the 
convex  side  of  the  blocks. 

Fig.  9  shows  another  method  of  glueing  veneers  together  with  cross  pieces  screwed  to  a  cylinder, 
the  veneers  being  placed  between  the  cross  pieces  and  the  cylinder. 

Fig.  10  shows  the  method  of  glueing  up  columns  in  eight  staves  or  pieces,  the  whole  being  glued 
together  in  the  manner  of  Figure  4.  We  must  here  observe,  that  the  -workman  must  be  careful  to 
keep  the  joints  out  of  the  flutes ;  for  being  in  the  fillets,  there  will  be  more  substance  to  prevent 
them  from  giving  way.  No.  1  is  a  section  of  the  column  at  the  top ;  and  No.  2  a  section  at  the 
bottom.  After  being  supposed  to  be  glued  together,  the  octagons  and  mitres  must  be  laid  down 
correctly,  in  order  to  form  the  joints  truly.  Here  are  two  bevels  shown,  one  for  trying  up  the 
mitres,  and  the  other  for  trying  the  -work  when  put  together. 

Fig.  11  shows  the  method  of  glueing  up  the  base  of  a  column,  according  to  the  following  descrip- 
tion. Let  a  course,  consisting  of  pieces  of  equal  lengths,  be  closely  jointed  together  upon  a  plane 
surface  or  board,  so  as  to  be  something  more  than  the  diameter  of  the  most  projecting  moulding  in 
the  base,  then  glue  the  joints  firmly  together,  and  plane  the  upper  surface  smooth.  Upon  this 
course  lay  a  second,  with  the  same  number  of  pieces  as  the  first,  closely  jointed  at  the  ends  as  before, 
and  also  to  the  upper  surface  of  the  lower  course ;  glue  down  one  of  the  pieces,  so  that  the  middle 
of  its  length  may  fall  upon  the  joint  of  the  two  under  pieces  ;  then  the  others  being  glued  on  suc- 
cessively till  the  space  is  closed,  a  third  may  be  repeated  in  the  same  manner.  The  horizontal 
joints  of  these  courses  must  be  so  regulated,  as  to  fall  at  the  junction  of  two  mouldings,  forming  a 
re-entering  angle.  When  the  glue  is  thoroughly  hardened,  the  base  may  be  sent  to  be  turned.  A 
base,  glued  up  in  this  manner,  will  stand  much  better  than  one  which  has  the  fibres  of  the  wood 
perpendicular.  No.  1  is  the  plan  of  the  base.  The  whole  lines  directed  to  the  centre,  show  the 
joints  of  the  upper  course ;  and  the  dotted  line  tending  to  the  same  point,  show  the  joints  of  the 
course  below. 

Fig.  12  shows  the  method  of  glueing  up  the  modern  Ionic  capital.  No.  1  is  the  plan  exhibiting 
the  manner  of  placing  the  blocks.  No.  2  is  the  elevation  of  the  same.  The  plan  is  here  inverted. 

Fig.  13  shows  the  manner  of  glueing  up  the  Corinthian  capital  for  curving  of  the  leaves.  No.  1 
is  the  plan  inverted.  No.  2  the  elevation.  The  abacus  is  glued  up  in  the  same  manner  as  the 
Ionic  capital,  Fig.  12. 
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Fig.  14  is  the  method  of  forming  a  cylindrical  surface,  without  veneers,  by  equidistant  parallel 
grooves,  and  by  inserting  slips  of  wood  in  the  grooves.  No.  1  exhibits  the  elevation,  and  No.  2 
thr  plan. 

Fig.  15  shows  the  method  of  forming  a  conic  body.  The  theory  of  this  is  no  more  than  covering 
the  frustrum  of  a  cone ;  the  covering  is  formed  by  two  concentric  arcs,  and  terminated  at  the  ends 
by  the  radii ;  the  radius  of  the  one  arc  is  the  whole  slant  side  of  the  cone,  that  of  the  other  is  the 
slant  side  of  the  part  cut  off.  Here  the  grooves  are  all  directed  to  the  centre,  and  filled  in  with  slips 
of  wood  glued  as  before,  the  semicircle  ABC  below,  is  the  plan:  the  arc  III  must  be  equal  to  the 
semicircumference  ABC. 

Fig.  16  is  the  same  for  a  smaller  segment. 

Fig.  17  shows  the  method  of  glueing  up  a  sphere  or  globe,  by  the  same  method.  No.  1,  the 
face  of  the  piece ;  No.  2,  the  edge,  showing  the  depth  of  the  grooves ;  No.  3  shows  the  mould  for 
forming  the  pieces  to  the  true  curvature ;  No.  3  exhibits  the  faces  of  two  pieces  put  together. 

12.  The  principle  of  a  circular  headed  sash  frame  in  a  circular  wall,  depends  upon  the  section  of 
a  cylinder,  and  the  development  of  the  surface  as  cut  by  another  cylinder.  In  the  formation  of  the 
radial  bars,  two  of  the  sides  are  parallel  planes,  and  the  edges  are  portions  of  cylindrical  surfaces, 
contained  between  the  exterior  and  interior  faces  of  the  wall.  To  form  the  cylindrical  surfaces  of 
the  concave  and  convex  sides  of  the  radial  bars,  it  will  be  necessary  to  be  informed,  that  the  curves 
which  direct  the  shape  of  the  edges  are  portions  of  two  different  ellipses,  formed  by  cutting  two 
different  cylindrical  surfaces  contained  between  the  two  sides  of  the  cylindrical  wall,  and  concentric 
therewith  by  two  parallel  planes,  inclined  at  the  same  angle  as  the  planes  of  the  bar,  and  having 
their  distance  from  one  another  equal  to  the  thickness  of  the  said  bar.  And,  consequently  the 
ellipse,  which  directs  the  form  of  the  concave  edge  of  the  bar,  will  have  its  lesser  axis  equal  to  the 
diameter  of  the  interior  cylindrical  surface,  and  that  which  forms  the  convex  edge  equal  to  the 
diameter  of  the  exterior  cylindrical  surface. 

The  circular  bar,  or,  as  it  is  improperly  called,  cod  bar,  depends  on  the  development  of  the  part 
of  the  cylindrical  surface,  formed  by  cutting  a  vertical  cylinder  by  a  number  of  horizontal  concentric 
cylindrical  surfaces,  which  gives  the  form  of  the  veneers,  or  thin  slices  of  wood  to  be  bent  in  thick- 
nesses. 

The  head  of  the  sash  depends  on  the  cutting  of  a  hollow  cylinder,  so  that  the  side  contained 
between  the  two  cylindrical  surfaces,  that  stand  upon  the  exterior  and  interior  sides  of  the  plane  of 
the  sash,  may  be  everywhere  perpendicular  to  these  surfaces,  and  to  follow  the  true  shape  of  the 
elevation  of  the  window,  and  thus  the  angles  will  be  easily  moulded.  But  in  order  that  there  may 
be  no  variation  of  the  mouldings  in  a  circular  sash  frame,  it  is  necessary  that  both  the  radial  and 
circular  bars,  as  well  as  the  head,  should  be  moulded  upon  the  same  principle  as  a  hand-rail,  viz.  by 
means  of  face  and  falling  moulds ;  the  face  mould  for  the  radial  bars  will  be  as  before  observed,  and 
the  falling  mould  will  be  a  parallel  slip  of  wood,  straight  in  the  edges,  in  breadth  equal  to  the  thick- 
ness of  the  bar.  The  falling  moulds  of  the  other  parts  must  be  made  according  to  the  development 
of  the  cylindrical  surfaces. 

BENDING  MACHINE. 
IPlate  LVl.-\ 

13.  A  machine  of  a  more  or  less  complex  kind  is  required  to  bend  wood  to  the  proposed  form, 
after  it  has  been  boiled,  or  steamed,  or  glued  up  in  thickness.  The  Plate  LVI.  represents  a  machine 
for  bending  sash  bars,  styles,  beads,  &c. 
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The  plan  is  represented  on  the  left  side  of  the  plate.  AA  represents  the  bed  of  the  machine, 
which  may  be  a  plank  suitable  to  the  articles  to  be  bent ;  /,  /,  /,  /,  represents  oearers  screwed 
to  the  bed,  and  likewise  screwed  down  to  a  work  bench,  as  shown  at  the  section  on  the  right 
hand  ;  m  m  represents  the  heads  of  the  screws  ;  B  shows  a  templet  (commonly  called  a  cylinder  by 
workmen),  the  centre  of  which  is  at  d,  d,  and  is  supposed  to  be  employed  bending  a  sash-style  and 
bead  at  the  same  time,  as  shown  in  the  section. 

Suppose  the  style  intended  to  be  bent  to  be  worked  to  its  proper  rabbet  and  mouldings,  and  the 
templet  rabbeted  to  receive  it  and  the  bead  also ;  then  suppose  the  style  to  be  fastened  to  the  straight 
part  of  the  templet  by  means  of  small  cramps,  as  represented  at  k  Tc,  n  n  n  n  represents  a  piece  of  iron 
hoop  which  is  pressed  close  to  the  templet  by  means  of  the  wheel  i  i  and  the  screw  g  g ;  the  cylinder 
is  supposed  to  be  in  the  act  of  being  moved  round  by  means  of  the  lever  CC,  and  when  brought  far 
enough  round,  may  be  confined  by  cramps  as  on  the  other  side. 

FORMS  OF  HINGED  JOINTS,  AND  THEIR  HINGES. 
[Plates  LVJL,  LVIII.,and  LIX.] 

14.  The  forms  of  joints  for  folding  and  hinging  is  essential  to  the  beauty  of  the  work.     Such  joints 
ought  to  be  so  made,  as  to  preserve  the  uniformity  of  the  door  or  shutter  on  both  sides  ;  and  to 
exclude  as  much  air  as  possible  from  rushing  through  between  the  edges  of  the  two  bodies  to  be 
hinged,  and  thereby  rendering  the  apartments  cold  in  winter. 

15.  In  the  joints  of  doors  which  are  to  be  hinged  together,  both  angles  of  one  of  the  bodies  are 
usually  beaded,  in  order  to  conceal  the  open  space  which  would  be  seen  from  every  point  of  view  ; 
and  to  preserve  the  regularity  of  the  work,  the  hinges  employed  to  couple  them  together  are  made 
exactly  to  the  size  of  the  bead,  on  the  side  on  which  the  knuckle  is  to  be  placed  ;  so  that,  when 
they  are  hung,  the  knuckles  of  the  hinges  and  the  wooden  bead  forms  one  continued  staff  or 
cylinder. 

16.  The  motions  of  hinged  joints  are  easily  traced,  and  though  there  be  an  immense  variety  of 
cases,  the  same  general  principle  determines  every  one  ;  hence,  it  will  not  be  necessary  to  collect 
more  than  a  few  useful  forms  for  illustration.     Accuracy  of  workmanship  is  indispensable  in  tho 
formation  of  a  good  joint ;  to  move  with  ease  and  freedom,  the  axis  of  each  hinge  should  be  straight, 
and  all  the  axes  of  the  hinges  of  the  joint  in  a  straight  line ;  these  are  apparently  simple  conditions, 
but  it  requires  considerable  care  to  fulfil  them. 

17.  Plate  LVII.  Fig.  1,  No.  1,  exhibits  two  parts  hinged  together;  and  Nos.  2  and  3,  exhibit  the 
two  parts  before  being  hinged,  applicable  to  doors  and  their  hanging  styles. 

Fig.  2,  3  and  4  show  varieties,  the  object  of  which  is  to  prevent  the  joint  being  seen  through. 

18.  Plate  LVIII.  shows  the  method  of  placing  hinges  on  shutters,  back-flaps,  &c.     In  Fig.  1,  the 
axis  of  the  knuckle  of  the  hinge  is  exactly  opposite  to  the  joint.     In  Fig.  2,  when  it  is  required  to 
throw  the  back-flap  at  a  given  distance  AB,  we  must  place  the  centre  of  the  hinge  at  half  that  dis- 
tance.    No.  2  shows  the  same'joint  opened  to  a  right  angle.     Fig.  3  is  a  rule  joint ;  No.  1,  the  two 
parts  hinged  together  in  a  line  ;  No.  2,  the  one  opened  to  a  right  angle  upon  the  other.     Fig.  4 
shows  another  method  in  order  to  throw  the  back-flap  the  contrary  way  to  Fig.  2.     Let  e  b  and  /  d 
be  the  parallel  lines  of  the  joint ;  and  let  5  d  meet  f  d  and  e  b  perpendicularly,  so  as  to  make  e  b 
and  f  d  equal.     Bisect  6  d  in  c,  and  draw  o  c,  and  describe  tho  semicircle  ego,  meeting  6  e  in  g. 
Through  c  draw  g  h,  meeting  /  d  in  h ;  then  o  g  h  is  a  right  angle :  and  as  Og  is  perpendicular  to 
g  h,  o  g  is  the  shortest  of  all  the  lines  that  can  be  drawn  from  o  to  the  straight  line  g  h. — No.  2  is 
the  same  joint  folded  backwards. 
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19.  Plate  LIX.  shows  other  forms  of  hinged  shutters  and  their  joints. 

Fig.  1,  joint  with  the  proper  hinge  for  the  doors  of  pews,  so  as  to  clear  a  cornice  or  other  moulding. 
Fig.  2  is  the  same  opened. 

Fig.  3,  joint  and  hinge  connecting  the  sash-frame  and  shutters. 

Fig.  4  and  5,  concealed  joints. 

Fig.  6,  centre  for  a  door. 

Fig.  7,  another  centre  for  a  door. 

In  No.  1,  draw  AB  parallel  to  the  jamb,  meeting  the  other  side  in  B.  Make  BD  equal  to  BA, 
and  join  AD  and  AC.  Bisect  AC  by  a  perpendicular  EF,  meeting  AD  in  F  ;  then  F  is  the  centre 
of  the  hinge.  No.  2  is  the  joint  in  the  act  of  opening. 

Fig.  8  is  another  form  in  order  to  accomplish  the  same  object. 

20.  Shutters  are  always  within  the  apartments,  wherever  beauty  is  aimed  at  ;  those  on  the  outside 
destroying  the  appearance  of  the  front.     They  are  divided  into  several  vertical  slips  folding  behind 
each  other,  for  the  conveniency  of  concealing  them  within  the  thickness  of  the  wall.     Each  slip  or 
fold  is  framed  and  composed  of  several  panels,  either  raised,  or  flat,  surrounded  with  small  mouldings 
contained  within  the  thickness  of  the  framing. 

21.  The  case  in  which  the  shutters  are  enclosed  is  called  the  boxing.     The  parts  of  the  sash-frame 
in  connection  with  the  shutters,  are  the  inside-lining  which  forms  one  side  of  the  boxing,  and  to 
which  the  front  shutter  is  hung.     The  vertical  piece  of  wood  which  adjoins  the  edges  of  the  sashes 
and  the  inside  lining,  is  called  the  pulley  style.     The  vertical  piece  of  wood  which  joins  the  pulley 
style  on  the  outside,  parallel  to  the  inside  lining,  is  called  the  outside  lining.     That  side  of  the  boxing 
which  is  parallel  to  the  face  of  the  shutter,  is  called  the  lack  of  the  "boxing.     The  remaining  third 
side  of  the  boxing  is  either  formed  by  the  architrave  which  surrounds  the  aperture  within  the  room, 
or,  in  very  good  houses,  by  a  groined  flush  on  one  side  with  the  plaster  of  the  wall.     The  parts  of 
the  sash-frame  which  are  parallel  to  the  horizon,  are  the  sill  and  top,  which  names  bespeak  the 
situation  in  which  they  are  placed.     Inside  beads  are  those  slips  of  wood,  rounded  on  the  edges, 
which  form  one  side  of  the  race  or  groove  for  the  sashes  to  run  in.     Parting  beads  are  those  slips  of 
wood  which  separate  the  upper  and  lower  sashes. 

• 

JOINTS  OF  DOORS. 
[Plat 


22.  In  hanging  doors  all  the  points  of  the  moving  edge  of  the  door  should  pass  the  surface  of  the 
edge  of  the  jamb,  or  the  surface  of  the  edge  of  the  fixed  door,  in  the  act  of  opening  or  shutting. 
The  method  of  making  doors  open  exactly,  so  as  to  cut  away  the  least  quantity  of  wood,  or  to  keep 
the  narrow  planes  of  the  edges  as  nearly  perpendicular  to  the  face  of  the  work  as  possible,  depends 
upon  the  following  principle. 

Supposing  a  correct  section  to  be  drawn  ;  then  if  the  aperture  be  shut  with  a  door  to  open  in  one 
breadth,  draw  a  straight  line  from  the  centre  of  the  hinge  to  the  opposite  angle  of  the  plane  ;  per- 
pendicular to  which,  draw  another  straight  line,  and  this  perpendicular  will  give  the  splay  of  the 
jamb  which  comes  in  contact  with  the  edge  of  the  door  which  is  to  be  fastened  or  locked  therein. 
If  the  aperture  is  closed  with  two  doors,  the  principle  is  still  the  same,  as  it  is  only  necessary  to  con- 
sider one  of  them  to  open  at  a  time,  while  the  edge  of  the  other,  which  is  bolted  to  the  floor  and 
soffit,  is  considered  as  a  jamb  ;  then  proceeding  with  the  other  half,  which  is  thus  left  to  turn  on  its 
hinges,  as  if  it  were  a  whole,  in  the  same  manner  that  we  have  now  described. 

23.  Let  A,  Fig.  1,  Plate  LX.,  be  the  centre  of  the  hinge,  and  B  the  remote  point  on  the  other 
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side,  and  iroving  edge  of  the  door.     Join  AB,  aiid  draw  BC  perpendicular  to  AB  ;  then  ACB  will 
be  the  bevel  required. 

If  the  surface  of  the  edge  of  the  door  be  formed  into  a  rabbet,  so  that  the  ledge  may  stop  the  door 
from  passing  to  the  contrary  side  to  that  on  which  it  revolves,  each  of  the  planes  which  is  connected 
bv  the  middle  one  must  be  formed  in  the  same  manner  as  before.  Thus,  in  Figs.  2,  4,  5,  6,  tho 
parts  BC,  DE,  are  each  formed  separately,  as  No.  1. 

FOLDING  DOORS. 
[Plate  ZX/.] 

24.  The  method  of  forming  the  joints  of  folding  doors,  so  that  they  may  open  and  fold  back  against 
the  wall,  is  shown  in  Plate  LXI. 

Fig.  1  shows  the  jamb  lining,  grounds,  and  architraves,  with  hanging  style,  and  part  of  the  doors 
hinged  to  the  hanging  style. 

Fig.  2  shows  one  half  of  the  jamb,  with  the  part  of  the  door  opened  and  turned  parallel  to  the 
wall. 

Fig.  3  shows  the  two  meeting-styles. 

WINDOW  FRAMES  AND  SHUTTERS. 
[Plates  LXII.—LXVI.] 

25.  In  Plate  LXII.  Fig.  1,  is  a  horizontal  section  of  a  sash-frame  and  shutters  through  one  side. 

A,  the  inside  lining  of  the  sash-frame. 

B,  pulley-piece  or  pulley-style. 

C,  outside  lining. 

D,  back  lining. 

E,  inside  bead. 

F,  parting  bead  of  the  sashes. 

G,  G,  weights  to  balance  tlfe  sash-frame. 
H,  parting  strip. 

I,  back  lining  of  boxing. 
J,  ground. 

K,  front  shutter  hung  to  the  inside  lining  A  of  the  sash-frame  by  the  hinge  a. 
L,  M*,  back-flaps  hinged  together  at  w,  and  to  the  front  shutter  at  v. 
N,  architrave-pilaster. 

No.  2  is  a  vertical  section  through  the  bottom-rail  of  the  sash,  through  the  sill  of  the  sash-fiamo, 
and  through  a  p,art  of  the  back  of  the  window. 
0,  bottom  rail  of  the  sash. 
P,  sill  of  the  sash-frame. 
Q,  back  of  recess  of  window. 
H,  coping  bead. 

Fig.  2,  sections  of  a  more  common  sash-frame. 
No.  1,  horizontal  section  through  one  side  of  the  sash-frame. 
No.  2,  part  of  the  elevation  of  the  head  and  pulley  style  of  the  sash-frame. 

*  By  a  mistake  in  the  drawing,  the  sides  of  the  flap  M  are  reversed. 
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S,  part  of  the  head. 

T,  part  of  the  pulley  style. 

26.  When  the  wall  is  not  of  sufficient  thickness  to  admit  of  the  shutters  on  each  side  being  con- 
tained in  a  boxing  which  does  not  project  from  the  inside  of  the  wall  into  the  room,  it  is  usual  to 
make  a  sliding  shutter  within,  and  parallel  to  the  surface  of  the  wall ;  and  the  sliding  shutter  on  each 
side  is  covered  by  a  piece  of  framing,  of  which  the  outer  face  is  flush  with  the  surface  of  the  plaster. 
See  Plate  LXIII. 

Fig.  2,  horizontal  section  through  the  sash-frame  and  shutters. 
Fig.  3,  vertical  section  through  the  sash-frame. 

27.  In  Plate  LXIV.  the  parts  of  the  preceding  construction  are  shown  on  a  large  scale: 
The  corresponding  parts  have  the  same  letters  of  reference  as  in  Plate  LXII. 

In  No.  1,  horizontal  section  through  sash-frame ;  L,  M,  casing  of  wall  for  the  shutter. 

K,  a  door  hung  to  the  sash-frame. 

N,  part  of  the  sliding  shutter. 

0,  part  of  the  framed  board  covering  the  shutter. 

Q,  architrave  moulding. 

No.  2,  a  vertical  section  through  the  head  of  the  sash-frame  and  soffit  of  the  window. 

R,  soffit. 

S,  P,  part  of  ground. 

28.  The  design  in  Plate  LXV.  of  the  sections  of  shutters,  is  to  exhibit  the  same  appearance, 
whether  the  shutters  are  folded  together  and  enclosed  in  the  boxing,  or  unfolded  and  extended  over 
the  aperture,  so  as  to  exclude  the  light.     This  is  obtained  by  means  of  a  door  hung  to  the  architrave, 
which  is  opened  when  the  aperture  of  the  window  is  required  to  be  closed ;  which  being  done,  the 
door  is  again  shut. 

Fig.  1,  design  for  a  straight  door. 

Fig.  2,  design  for  a  door  circular  on  the  plan. 

29.  In  some  instances  a  space  equal  to  the  thickness  of  the  sash-frame  may  be  added  to  the  recess, 
or  boxing  for  the  shutters,  by  leaving  a  sufficient  reveal  in  the  brick-work  [see  Plate  LXVL] ;  so  that 
the  shutters  may  fall  iu  the  space  between  the  back  of  the  sash-frame  and  the  jamb. 

OBLIQUE  WINDOW  SHUTTERS. 
IPlates  LXV  11.  and  LXVIIL] 

30.  Window-frames  are  sometimes  deranged  by  settlements  and  other  causes,  and  a  slight  degree 
requires  attention  in  fitting  the  shutters,  Plate  LXVII. 

Fig.  1  exhibits  the  inside  elevation  of  a  window,  where  the  sash  and  sash-frame  are  out  of  the 
square. 

Fig.  2,  a  vertical  section  through  the  window. 

31.  Young  men,  who  are  not  aware  of  the  difficulty  which  the  obliquity  of  the  sash-frame  occa- 
sions, are  liable  to  spoil  their  work  by  cutting  the  shutters  square  to  the  joints,  which  run  upwards ; 
by  this  means,  the  transverse  joints  will  not  be  parallel  to  the  horizontal  bars  of  the  window,  as 
they  ought  to  be.     The  proper  method  is  shown  on  the  next  plate. 

Plate  LXVIII.  exhibits  the  method  of  cutting  the  shutters,  which  is  as  follows: — 
Having  first  fitted  the  shutters  which  are  hung  to  the  sash-frame  in  the  boxings  to  the  full  length, 
revolve  them  on  their  hinges  on  the  face  of  the  window ;  fit  in  the  intermediate  parts  or  back-flaps 
for  each  half  of  the  aperture,  with  the  proper  rabbets  on  the  edge  of  each  flap.-  ;  Draw  a  straight  line 
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parallel  to  the  top  and  bottom  ends  of  the  shutters  in  the  middle  of  the  breadth  of  the  meeting  bars 
of  the  two  sashes ;  the  hinges  must  then  be  placed  in  a  straight  line  perpendicular  to  this  line  or  to 
the  ends,  and  as  near  to  each  joint  as  may  be  found  convenient. 

CONSTRUCTION  OF  SASHES. 
[Plate  LXIX.} 

32.  In  sashes,  the  horizontal  bars  are  strengthened  by  dowels.     The  elevations  and  sections  of  the 
various  parts  of  a  sash,  are  shown  in  Plate  LXIX.  Fig.  1. 

No.  1  is  a  section  of  part  of  the  sash-frame. 

No.  2,  the  section  of  one  of  the  styles  of  the  sash,  the  moulding  being  denominated  astragal  and 
hollow. 

No.  3,  a  section  of  the  sash-bar. 

No.  4  and  5,  sections  of  meeting  rails  of  the  sash. 

No.  6,  an  elevation  of  the  crossing  bars  according  to  the  section  No.  3. 

No.  7,  a  longitudinal  section  of  the  horizontal  bar,  and  of  the  dowel,  and  the  transverse  section 
of  the  vertical  bar,  showing  the  best  method  of  joining  the  two  together.  This  method  is  called 
franking. 

Fig.  2  is  a  section  of  a  sash  with  an  astragal  only,  exhibiting  the  method  of  preventing  the  sashes 
from  shaking. 

SKYLIGHTS. 
[Plate  ZXX.] 

33.  The  various  forms  of  skylights  are  represented  in  Plate  LXX. 
Fig.  1  is  a  square  skylight. 

Fig.  2,  an  octagonal  ditto. 

Each  of  these  figures  shows  the  backing  of  the  hips  in  the  same  manner  as  the  hip  of  a  roof. 

Figs.  3  and  4,  are  skylights  upon  elliptic  plans. 

34.  In  order  to  show  how  to  space  out  the  ribs  for  each  quarter.     Join  AB,  and  bisect  AB  by  a 
perpendicular,  which  make  equal  to  the  half  of  AB;  then  C  being  the  extremity,  join  AC  and  BC. 
From  C,  with  a  radius  equal  in  length  to  the  perpendicular,  describe  an  arc,  meeting  AC  in  0,  and 
BC  in  5.     Divide  the  arch  075  into  five  equal  parts,  the  number  intended  to  be  in  each  quarter, 
and  through  the  points  of  division  1,  2,  3,  4,  draw  the  lines  meeting  AB  in  the  points  d,  e,f,  g. 
Through  the  points  d,  e,  f,  g,  draw  lines  from  the  centre  of  the  figure  to  meet  the  elliptic  curve,  and 
the  points  of  intersection  are  the  places  of  the  feet  of  the  bars  as  required. 

Fig.  4  is  seldom  executed,  on  account  of  the  difficulty  of  bending  the  glass. 
The  plan  in  No.  2  is  equally  divided. 

AN  ELLIPTIC  OB  CIRCULAR  ARCHITRAVE  ON  A  CIRCULAR  PLAN. 

[Plate  ZXX/.] 

34.  Fig.  1  shows  the  plan  and  elevation. 

Divide  the  inner  curve  of  the  elevation  into  any  number  of  equal  parts  at  the  points  1,  2,  3,  &c 
and  draw  the  line  s  a.  16,  2c,  3d,  &c.  perpendicular  to  the  chord  of  the  opening,  meeting  the  wall 
line  in  the  points  «,  6,  e,  d,  &c.  In  the  line  MN,  Fig.  2,  set  off  the  distances  a  b,  b  c,  c  d,  <fec.  equal 
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to  the  developments  of  ab,  b  c,  c  d,  Fig.  1.  .To  the  line  MN  draw  the  perpendiculars  61,  c'2,  d3,  &c. 
and  make  the  heights  of  these  perpendiculars  equal  to  those  in  the  elevation,  Fig.  1  ;  through  all 
the  points  a,  1,  2,  3,  &c.  draw  a  curve.  Make  aM  equal  to  the  breadth  of  the  archivolt,  and  draw 
the  outer  curve  MHPIN  parallel  to  the  inner  curve.  Here  the  veneers  are  made  in  three  lengths. 

OF   MOULDINGS. 

\_Plate 


35.  Wood  is  generally  much  thinner  than  the  dimension  of  its  breadth,  reckoning  the  breadth  and 
thickness  on  the  sides  of  the  rectangular  section  made  by  cutting  it  perpendicular  to  the  fibres,  the 
length  being  understood  to  be  parallel  to  the  fibres.     The  faces  are  the  two  broad  planes  that  run 
in  the  direction  of  the  fibres;  and  the  edges  are  the  two  narrow  planes  which  also  run  in  the 
direction  of  the  fibres.     The  ends  are  the  two  planes  perpendicular  to  the  fibres. 

36.  When  the  wood  has  been  reduced  to  the  rectangular  shape  by  the  square  and  plane,  so  that 
the  sides  may  be  planes,  and  the  angles  right  angles,  the  next  operation  is  to  take  away  the  right 
angles,  and  reduce  the  wood  to  mouldings,  which  is  called  sticking,  and  the  moulding  is  said  to  be 
stuck. 

37.  When  the  edge  of  a  piece  of  wood  is  reduced  to  a  cylindrical  form,  it  is  said  to  be  rounded, 
which  is  the  simplest  species  of  moulded  work. 

38.  When  a  part  of  the  arris  is  reduced  to  a  semi-cylinder,  so  that  the  surface  of  the  cylindrical 
part  may  be  flush,  both  with  the  face  and  edge  of  the  wood,  and  that  a  groove  or  sinking  may  be 
made  in  the  face  only,  the  cylindrical  part  is  called  a  bead,  and  the  sinking  a  quirk,  so  that  the 
moulding  is  called  a  quirked  bead. 

39.  When  a  quirk  is  also  formed  in  the  narrow  plane,  or  edge,  so  as  to  make  the  rounded  part  at 
the  angle  three-fourths  of  a  cylinder,  the  moulding  obtains  the  name  of  bead  and  double  quirk. 

40.  When  there  are  two  semi-cylindrical  mouldings,  rising  both  from  a  plane  parallel  to  the  face  ; 
and  when  one  comes  close  to  the  edge  of  the  piece,  and  the  other  has  a  quirk  on  the  farther  side, 
and  its  surface  flush  with  the  face  of  the  wood,  the  combinations  of  these  mouldings  are  termed  a 
double  bead,  or  double  bead  and  quirk.     In  this  combination,  the  bead  which  is  next  to  the  edge  of 
the  stuff  is  much  less  than  the  other. 

41.  Mouldings  are  generally  separated  from  one  another,  and  frequently  terminated  by  two  narrow 
planes,  at  right  angles  to  each  other,  called  fillets,  which  show  two  sides  of  a  rectangular  prism. 

42.  Mouldings,  as  well  as  fillets,  are  called  members. 

43.  When  a  semi-cylindrical  moulding,  which  rises  from  a  plane  parallel  to  the  face,  is  terminated 
on  the  edge  by  a  fillet,  the  two  members  thus  combined  are  called  a  torus. 

44.  If  there  be  two  semi-cylindrical  mouldings  springing  from  a  plane  parallel  to  the  face,  termi- 
nated on  the  edge  by  a  fillet,  this  combination  of  members  is  called  a  double  torus. 

45.  A  repetition  of  equal  semi-cylindrical  mouldings,  springing  from  a  plane  or  cylindrical  surface, 
is  called  reeds. 

46.  The  cima  recta,  and  cima  reversa,  are  called  in  joinery  ogee.     The  former  is  called  ogee,  and 
the  latter  ogee  reverse. 

47.  Ovolo  presents  a  convex  conic  section. 

48.  A  quarter  round  is  the  fourth  part  of  a  cylindrical  surface,  but  has  no  quirk  on  either  side. 
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MOULDINGS  FOR  FRAMING. 
[Plate  ZXX///.] 

49.  In  framed  work,  as  doors,  shutters,  wainscotting,  &c.,  the  edges  of  the  framing  is  generally 
reduced  at  the  angles  to  mouldings.     The  mouldings  for  this  purpose  are  the  ovolo,  or  the  ogee,  with 
or  without  a  bead  next  to  the  panel ;  but  when  the  ovolo  is  employed,  a  bead  or  a  fillet  becomes 
necessary.     The  ogee  is  either  common  or  quirked,  with  a  bead  at  the  bottom. 

50.  When  the  margins  of  the  framing  terminate  on  the  edges  next  to  the  panel,  with  one  or  more 
mouldings,  which  both  advance  before,  and  retire  from  the  face  of  the  framing  to  the  panelling. 
The  mouldings  thus  introduced  are  called  bolection  mouldings. 

51.  The  panelling  of  framed  work  is  generally  sunk  within  the  face  of  the  framing;  sometimes, 
however,  for  outside  work,  it  is  made  flush.     In  the  best  flush  work,  the  panels  are  surrounded  with 
a  bead,  formed  on  the  edge  of  the  framing,  and  the  work  is  called  bead  and  flush.     In  the  more 
common  kind  of  flush  framing,  the  bead  is  run  on  the  two  edges  of  the  panel  in  the  direction  of  the 
fibres,  and  is  called  bead  and  butt. 

Fig.  1.  Plate  LXXIII.  Fillets. 

Fig.  2.  Edge  rounded.  This  simple  moulding  is  also  sometimes  called  a  bead ;  but  not  unless  it 
is  fixed  to  one  side  of  a  rectangular  piece  of  wood,  and  the  rounded  part  made  flush  with  the  other 
side. 

Fig.  3.  Flush  bead,  or  bead  and  quirk. 

Fig.  4.  Bead  and  double  quirk. 

Fig.  5.  Double  bead. 

Fig.  6.  Torus.     The  torus  in  joinery  differs  from  the  bead,  in  having  a  fillet. 

Fig.  7.  Double  torus. 

Fig.  8.  Reeded  moulding  on  the  edge. 

Fig.  9.  Reeded  moulding  on  the  face,  which  may  apply  to  bands,  architraves,  and  pilasters 

Fig.  10.  Reeded  mouldings  round  a  cylinder  or  staff.  These  will  apply  to  columns,  or  other  cir- 
cular bodies. 

Fig.  11.  Semicircular  flutes,  which  may  apply  to  bands,  pilasters,  and  columns. 

Fig.  12.  Shallow  flutes,  which  may  also  be  applied  to  columns,  pilasters,  and  flat  bands. 

Fig.  13.  Style  of  a  door  or  shutter,  with  part  of  the  panel,  showing  the  mouldings  which  are  here 
termed  quirk,  ogee,  and  bead. 

Fig.  14.  Style  and  part  of  the  panel  of  a  door  or  shutter,  showing  the  mouldings  which  are  in  this 
example  termed  quirked  ovolo  and  bead. 

Fig.  15.  Section  of  a  door  style,  with  part  of  the  panel,  showing  the  mouldings  which  are  here 
termed  bolection  mouldings. 

Figs.  16,  17,  18,  and  19,  are  various  forms  of  sections  for  sash  bars. 

RAKING  MOULDINGS. 
[Plate  LXXIV.] 

52.  Given  the  inclination  of  a  moulding  to  the  horizon,  and  a  section  of  that  moulding,  to  find  the 
section  of  the  return  moulding. 

Let  BE,  Fig.  1,  Plate  LXXIV.,  be  the  line  of  inclination,  and  let  CDM  be  a  section  of  the 
moulding.  Draw  a  line  through  A  parallel  to  EB.  Through  M  draw  MD  perpendicular  to  tho 
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line  passing  through  A,  meeting  it  in  P.  Draw  Mm  parallel  to  EB,  and  draw  any  lino  a  /  parallel 
to  the  horizon  above  the  moulding.  In  a  f  make  a  p  equal  to  AP,  and  draw  p  m  perpendicular  to 
af,  and  m  will  be  a  point  in  the  curve.  This  ma}'  be  applicable  to  the  skirting  of  a  stair,  where  the 
passages  return  both  above  and  below. 

In  order  to  avoid  the  trouble  of  making  mouldings  to  various  sections,  torous  skirting  is  most 
frequently  executed,  as  is  shown  in  Figs.  2  and  3. 

Fig.  4  shows  the  method  of  finding  the  angle  bars  of  shop  fronts.  No.  1  is  the  given  bar,  Nos.  2 
and  3  are  angle  bars  found  from  No.  1.  Thus  r  m,  No.  3,  is  equal  to  RM,  No.  1.  In  No.  2,  make 
ap  equal  to  AP,  No.  1,  and  draw  p  m  parallel  to  aE. 

53.  Raking  mouldings  depend  upon  the  principle  of  a  solid  angle  consisting  of  three  plane  angles, 
or  what  may  be  called  a  trihedral ;  and  this  may  be  considered  either  as  a  hollow  or  as  a  soliJ, 
according  as  it  may  be  used  externally  or  internally.     The  mouldings  are  supposed  to  be  placed  in 
two  of  the  lilies  of  concourse,  and  to  meet  each  other  in  a  plane  passing  through  the  other  line  of 
concourse. 

54.  The  raking  mouldings  of  a  pediment  are  placed  upon  a  solid  trihedral,  the  horizontal  moulding 
being  disposed  upon  the  obtuse  angle,  and  the  raking  mouldings  upon  the  top  of  the  tympanum.     In 
this  case,  the  mitre  of  the  mouldings  is  in  the  same  plane  with  the  line  of  concourse  of  the  two  sides 
of  the  building. 

55.  The  three  planes  which  terminate  in  a  point  in  the  inside  of  a  rectangular  room,  may  be 
considered  as  a  hollow  trihedral.     Now,  if  these  three  planes  which  constitute  the  trihedral  be  at 
right  angles,  no  diflSculty  can  occur  in  constructing  the  mouldings,  as  each  cornice  may  have  the 
same  section,  and  as  the  direction  of  both  cornices  are  perpendicular  to  the  line  of  concourse  of  the 
two  vertical  sides  of  the  room ;  but  where  the  one  cornice  is  perpendicular,  and  the  other  oblique, 
the  case  becomes  the  same  as  the  preceding. 

56.  The  same  principle  is  also  applied  to  the  bars  of  a  bow  window,  of  which  the  sides  form  a 
polygonal  prism.     In  this,  the  trihedral  is  considered  as  formed  by  the  face  of  one  of  the  vertical 
planes ;  a  vertical  plane  bisecting  the  two  adjoining  faces  and  a  horizontal  plane.     Let  us  suppose 
the  inclination  of  the  two  planes  through  which  the  plane  of  the  mitre  passes,  and  the  other  two 
angles  of  the  trihedral  to  be  given.     The  projection  of  each  mitre,  and  the  figure  of  the  mitre,  or 
the  section  of  one  of  the  mouldings  and  the  mitre  line,  must  also  be  given,  and  we  shall  have  sufli- 
cient  data  in  order  to  ascertain  the  section  of  the  other  moulding. 

57.  This  construction  becomes  very  easy,  where  the  inclination  of  the  two  planes  is  a  right  angle, 
and  when  the  angle  contained  by  the  edges  of  the  one  plane  is  a  right  angle,  and  that  contained  by 
the  edges  of  the  other  an  obtuse  angle,  as  is  the  case  with  a  pediment.     The  plane  of  the  two 
adjoining  walls  is  generally  a  right  angle,  and  the  angle  contained  by  two  of  the  edges  of  one  of  the 
planes  is  an  obtuse  angle,  and  that  contained  by  the  two  edges  of  the  other  a  right  angle.     This  case 
affords  a  very  easy  construction ;  it  being  only  necessary  to  lay  down  the  side  of  the  building  on 
which  the  pediment  or  inclined  cornice  is  to  be  made,  with  a  projection  of  the  mouldings  at  the 
lower  end,  without  any  plan  whatever,  provided  that  the  mouldings  have  the  same  projecture  on 
both  sides. 

58.  The  same  is  also  the  case  with  regard  to  the  two  sides  of  a  bow  window,  where  the  sides  are 
vertical  planes  at  any  angles  with  each  other. 
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OF   STAIRS. 
[Plate  LXXV.-} 

59.  Stairs  and  hand-rails  are  most  important  branches  in  joinery ;  but  before  we  enter  upon  their 
construction,  it  will  be  useful  to  point  out  some  of  the  leading  principles,  without  regarding  the 
materials  of  which  stairs  are  constructed. 

60.  The  breadth  of  steps  in  general  use  is  from  9  to  12  inches,  or  about  10  inches  at  the  medium. 
In  the  best  staircases,  the  breadth  ought  never  to  be  less  than  12  inches,  nor  more  than  18.     It  is 
a  general  maxim,  that  a  step  of  greater  breadth  requires  less  height  than  one  of  less  breadth :  thus  a 
step  of  12  inches  in  breadth  will  require  a  rise  of  5i  inches ;  which  may  be  taken  as  a  standard  by 
which  to  regulate  those  of  other  dimensions  ;  so  that  multiplying  12  inches  by  5^,  we  should  have 
66  ;  then  supposing  a  step  to  be  10  inches  in  breadth,  the  height  should  be  ^§  =  6f-  inches,  which 
is  nearly,  if  not  exactly,  what  common  practice  would  allow.     The  proportion  of  steps  being  thus 
regulated,  the  next  consideration  is  the  number  requisite  between  two  floors  or  stories ;  to  ascertain 
this,  we  have  only  to  suppose  the  breadth  of  the  steps  to  be  given,  say  10  inches  each,  as  depending 
on  the  space  allowed  for  the  staircase,  and  this,  according  to  the%ule  laid  down,  will  require  a  rise 
of  7  inches  nearly.     Suppose  then  the  distance  from  floor  to  floor  to  be  13  feet  4  inches  =160 
inches;  then  1$°  =  22^,  which  would  be  the  number  required.     But  as  the  steps  must  be  equal 
in  height,  we  should  rather  take  twenty-three  rises,  provided  the  staircase  room  would  admit 
of  it. 

61.  Stairs  have  several  varieties  of  structure,  which  depend  principally  on  the  situation  and  desti- 
nation of  the  building. 

62.  Dog-legged  stairs,  are  those  that  have  no  opening  or  well-hole ;  the  rail  and  balusters  of  both 
the  progressive  and  returning  flights  fall  in  the  same  vertical  planes. 

63.  Geometrical  stairs,  are  those  which  have  an  opening  down  the  middle,  and  of  which  every 
step  derives  its  support  from  that  immediately  below,  and  from  the  wall  of  the  staircase. 

64.  The  steps  of  a  stair  consist  of  two  parts,  one  being  parallel,  and  the  other  perpendicular  to 
the  horizon.     The  part  which  is  parallel  is  called  the  tread  of  the  step,  and  the  other  part  which  is 
perpendicular,  is  called  the  riser. 

65.  The  rough  timber  work  which  is  used  in  the  support  of  a  stair,  is  called  the  carriage. 

66.  The  string  board,  is  a  board  fitted  against  the  ends  of  the  steps  next  to  the  well-hole,  so  as  to 
make  a  complete  finish  ;  and  the  string  which  terminates  the  ends  of  the  winders,  is  a  veneer  made 
in  the  form  of  a  spiral  back,  with  thick  wood,  so  as  to  make  it  sufficiently  strong. 

67.  The  most  certain  method  of  carrying  up  a  stair,  whether  of  stone  or  wood,  is  to  provide  a  rod 
of  sufficient  length  to  reach  from  one  floor  to  the  other,  divided  into  as  many  equal  parts  as  the  risers 
are  in  number,  and  thereby  to  try  every  step,  as  the  work  advances. 

68.  In  Plate  LXXV.  Fig.  1  is  a  plan  and  elevation  of  a  dog-leg  stair  without  winders. 
Fig.  2  is  a  plan  and  elevation  of  a  dog-leg  stair,  with  winders  in  one  half  of  the  turning. 

OF   HAND-RAILING. 
[Plate  LXXVf.1 

69.  A  hand-rail  is  the  upper  part  of  the  fence  in  a  geometrical  stair.     In  order  that  the  hand 
may  glide  easily  along  the  rail  without  straining  the  body,  it  is  evident  that  the  rail  ought  to  follow 
the  general  line  of  the  steps,  and  to  be  quite  smooth  and  free  from  inequalities. 
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70.  The  principle  of  hand-railing  depends  on  the  method  of  finding  the  section  of  a  right  cylinder, 
cylindroid,  or  prism,  according  to  three  given  points  in  or  out  of  the  surface,  that  is,  the  section 
made  by  a  plane  through  three  given  points  in  space. 

71.  The  cylinder,  eylindroid,  or  prism,  is  hollow,  and  equal  in  thickness  to  the  breadth  of  the 
rail  that  is  to  the  horizontal  dimension  of  its  section,  and  the  ends  or  bases,  the  same  as  the  plane 
or  projection  upon  the  floor. 

72.  The  hand-rail  of  a  stair  may  always  be  formed  of  a  portion  of  this  cylinder,  cylindroid,  or 
prism,  the  base  of  which  is  the  plane  of  the  stair ;  for  the  hand-rail  itself  must  stand  over  the  plane, 
it  will  therefore  be  contained  between  the  vertical  surface  of  the  cylinder,  cylindroid,  or  prism. 
And  as  the  hand-rail  is  got  out  in  portions,  so  that  each  portion  may  stand  over  a  quadrant  of  the 
circle,  or  ellipse,  which  forms  the  plane,  we  may  also  suppose  such  a  portion  contained  between  two 
parallel  planes,  so  that  the  portion  of  the  hand-rail  may  be  thus  contained  between  the  two  cylin- 
drical, or  cylindroidic  surfaces,  and  the  two  parallel  planes.     The  parts  which  are  to  be  joined 
together  to  form  the  rail,  are  to  be  prepared  in  such  a  manner,  that  when  set  upon  their  place,  all 
the  sections  which  may  be  supposed  to  be  made  by  a  vertical  plane  passing  through  the  axis  of  the 
cylinder,  or  cylindroid,  may  be  rectangles,  and  this  is  called  the  squaring  of  the  rail ;  which  is  all 
that  can  be  done  by  geometrical  rules. 

73.  Now,  as  hand-rails  are  not  made  of  such  portions  of  hollow  cylinders  or  cylindroids,  but  of 
plank  wood,  we  have  only  to  consider  how  such,  portions  may  be  formed  from  a  plank  sufficiently 
thick.     As  the  faces  of  the  plank  are  planes,  we  may  suppose  the  rail  contained  between  two  parallel 
planes,  that  is,  between  the  two  faces  of  the  plank.     Then  such  figures  are  to  be  drawn  on  the  sides 
of  the  plank,  that,  when  the  superfluous  parts  are  cut  away,  the  surfaces  that  are  formed  between 
the  opposite  figures  are  portions  of  the  external  and  internal  cylindrical  or  cylindroidic  surfaces.     A 
mould  made  in  the  form  of  these  figures,  is  called  the  face  mould,  which  is  only  a  section  of  the 
cylinder  or  cylindroid  through  three  points  in  space. 

74.  The  vertical,  or  cylindrical,  or  cylindroidic  surfaces  being  formed,  the  upper  and  lower  sur- 
faces must  next  be  formed.     This  is  done,  by  bending  another  mould  round  one  of  the  cylindrical 
or  cylindroidic  surfaces,  generally  made  to  the  convex  side,  and  drawing  lines  on  the  surface  round 
the  edges  of  this  mould.     Then  the  superfluous  wood  is  cut  away  from  the  top  and  bottom,  so  that 
if  the  piece  were  set  in  its  place,  and  a  straight  edge  applied  upon  the  surfaces  now  formed,  and 
directed  to  the  axis  of  the  well-hole  parallel  to  the  horizon,  it  would  coincide  with  the  surface. 
The  mould  thus  applied  upon  the  convex  side  to  form  the  top  and  bottom  of  the  piece,  is  called  the 
fulling  mould. 

75.  To  find  these  moulds,  the  plan  of  the  steps  and  rail  must  first  be  laid  down  ;  then. the  falling 
mould,  which  must  be  regulated  by  the  heights  of  the  steps ;  and  lastly,  the  face  mould  is  ascer- 
tained by  the  falling  mould,  which  furnishes  the  three  heights  alluded  to. 

76.  The  illustrative  Plate  LXXVI.   will  render  the  nature  of  a  hand-rail  winding  round  the 
cylinder,  of  the  size  of  the  well-hole,  easily  understood. 

Fig.  1  exhibits  the  cylinder  with  the  rail  squared.  .  .    > 

Fig.  2  exhibits  the  method  of  describing  the  rail  on  the  elevation,  Fig.  1. 

Fig.  3  shows  the  position  of  a  portion  of  the  cylinder  contained  between  two  parallel  planes,  when 
seen  in  the  direction  of  the  cutting  plane ;  and  as  the  cylinder  is  supposed  to  be  hollow,  Fig.  4 
shows  the  entire  cylinder,  and  the  half  when  seen  obliquely. 

Figs.  5  and  6  show  the  concave  and  convex  side  of  the  same  for  one  quarter,  taking  in  a  small 
portion  of  the  straight  rail. 

Figs.  7  and  8  exhibit  Figs.  5  and  6  completely  squared,  or  formed  to  the  exact  dimensions  of  the  rail. 
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Figs.  5  and  6  show  the  first  state  of  the  pieces  as  cut  from  the  rough  plank.  Pigs.  7  and  8,  the 
pieces  entirely  squared. 

OF  FINDING  THE  MOULDS  FOR  HAND-RAILS. 
[Plate  LXXVII.—LXXXIIL] 

77.  To  find  the  moulds  of  a  hand-rail  with  8  winders  in  the  turning  or  4  in  each  half.     Plate 
LXXVII. 

Let  MMM,  &c.  be  the  outside  of  the  plan,  and  M'M'M',  &c.  the  inside  of  the  same,  ABCD  a  line 
passing  through  the  middle  of  its  breadth,  the  part  AB  being  straight,  and  BCD  one-fourth  of  the 
circumference  of  the  circle  ;  the  point  C  in  the  middle  of  the  arc  BD,  A  at  one  extremity  of  the  line 
ABCD,  and  D  at  the  other. 

Divide  the  quadrant  BCD  into  any  number  of  equal  parts,  which  in  this  example  are  4.  Draw 
the  straight  line  RK,  and  make  RK  equal  to  the  development  of  the  quadrant  MMM,  &c.  on  the 
convex  side.  Draw  KH  perpendicular  to  RK,  and  make  KH  equal  to  the  height  of  a  step.  Draw 
HF  parallel  to  RK,  and  make  HF  equal  in  length  to  the  breadth  of  a  flyer,  and  join  FK. 

Draw  Rt  perpendicular  to  RK.  In  Rt  make  Ru*  equal  to  the  height  of  4  winders,  and  join  uK, 
curve  of  the  angle  at  K.  Through  u,  draw  v  w  perpendicular  to  uK.  Make  u  v  and  u  w  each 
equal  to  half  the  breadth  of  the  falling  mould  FN,  and  draw  the  upper  and  lower  edges  of  the  falling 
mould,  as  seen  in  the  figure. 

Join  DC,  and  produce  DC  to  E.  Draw  DE  and  CF  perpendicular  to  DE.  Make  DE  equal  to 
one-fourth  (or  any  part)  of  the  height  from  R  to  the  upper  edge  of  the  falling  mould  in  the  perpen- 
dicular Rt,  and  CF  equal  to  one-fourth  (or  the  same  part)  of  the  height  from  Q  to  the  upper  edge 
of  the  falling  mould  in  the  perpendicular  QP,  that  DF  was  of  the  height  in  the  perpendicular  Rt. 
Join  EF,  and  produce  it  to  meet  DC  in  E.  Join  the  dotted  line  EA.  Draw  GP  through  the 
centre  I,  or  at  any  convenient  distance  from  the  plan  perpendicular  to  EA,  and  draw  Mj>  parallel  to 
EA,  meeting  GP  in  P.  At  any  convenient  distance,  draw  Hp  parallel  to  GP.  Make  the  perpen- 
dicular of  the  face  mould  equal  to  its  corresponding  height  on  the  falling  mould,  and  draw  the 
straight  line  pi ;  then  drawing  ordinates  PM,  PM,  &c.  and  p  m,  p  m,  &c.  from  the  points  P,  P,  P, 
&c.  and  p,  p,  p,  &c.  where  lines  parallel  to  HI  meet  PG  and  PI,  and  making  p  m  equal  to  the 
corresponding  PM  on  the  plane  both  outside  and  inside,  we  shall  have  the  face  mould  required. 
By  making  the  middle  of  the  falling  mould  at  the  heights,  as  the  nosings  of  the  steps,  the  same 
face  mould  will  apply  to  the  upper  and  lower  parts  of  the  rail  over  the  circular  part. 

The  top  line  PPP,  &c.  is  left  on  the  falling  mould  to  regulate  its  position,  when  bent  upon  the 
convex  surface,  as  the  line  PPP,  <fcc.  will  fall  into  the  plane  surface  of  the  top  of  the  plank.  The 
line  PPP,  &c.  is  obtained  by  making  the  perpendicular  fP,  fP,  fP,  &c.  equal  to  the  corresponding 
perpendiculars  f  p,  f  p,  f  p,  &c- 

78.  Plate  LXXVIII.  exhibits  the  construction  of  the  face  mould  and  falling  mould,  in  the  case  when 
the  rail  is  to  be  raised  higher  upon  the  winders  than  upon  the  flyers.     Here  the  curve  line  stuvw  x 
will  coincide  with  the  top  surface  of  the  plank,  and  the  lower  edge  of  the  falling  mould  above.     The 
method  of  proceeding  to  find  the  falling  and  face  moulds  is  so  similar  to  the  description  of  Plate 
LXXVII.  that  any  further  explanation  is  not  required. 

79.  Plate  LXXIX.  shows  the  application  of  the  trammel  to  the  description  of  the  face  mould. — 
See  the  article  STEREOTOMY. 

*  u,  by  mistake,  is  placed  too  far  up. 
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80.  Plate  LXXX.  exhibits  the  method  of  finding  the  elevation  of  the  squared  piece  so  as  to  get 
it  out  of  the  least  quantity  of  stuff.     The  position  of  the  plan  is  found  in  the  same  manner  as  in 
Plate  LXXVII.  and  the  heights  are  taken  from  those  of  the  falling  mould. 

81.  Plate  LXXXI.  exhibits  the  elevation  of  the  squared  piece  of  the  rail  where  the  ordinates  are 
taken  perpendicular  to  the  chord  joining  the  extremities  of  the  concave  side  of  the  piece.     The 
heights  are  taken  from  the  corresponding  heights  on  the  falling  mould  in  the  same  manner  as  in  the 
preceding  plate.     The  intention  of  this  plate  is  to  show  that  the  rail  will  require  much  thicker  stuff 
than  if  the  position  of  the  plan  had  been  found  as  in  Plate  LXXVII. 

82.  Plate  LXXXII.  Fig.  1,  exhibits  the  plan  and  elevation  of  a  rail  to  go  round  a  level  half 
space,  in  order  to  show  how  to  get  it  out  of  the  least  quantity  of  stuff. 

Fig.  2  is  the  common  method  of  finding  the  elevation  of  the  rail  piece  by  joining  the  points  at 
the  extremities  of  the  concave  side  for  a  base  line,  and  tracing  it  from  the  falling  mould,  No.  3. 
This  position  requires  stuff  considerably  thicker  than  in  Fig.  1. 

83.  Plate  LXXXIII.  is  a  method  of  tracing  the  face  mould  so  as  to  apply  only  to  one  face  of 
the  plank,  and  cut  the  piece  out  square  to  the  face,  or  in  lines  which  are  perpendicular  to  the  face. 

Find  the  elevation  of  the  rail  piece,  and  let  BCIG  be  a  section  of  the  rail  in  the  elevation.  Pro- 
duce CB  to  meet  the  base  OP  in  P,  and  the  concave  side  of  the  plan  in  b.  From  the  centre  0, 
and  through  b,  draw  the  straight  line  Og,  meeting  the  convex  side  of  the  rail  in  g.  Draw  g  i 
parallel  to  bP,  and  b  i  perpendicular  to  OP.  Let  O  be  the  point  in  the  line  OF  which  comes  in 
contact  with  the  extremities  of  the  lower  edge  of  the  elevation  corresponding  to  the  centre  0  in  the 
plan,  and  let  the  line  CQ  meet  OF  in  A. 

Draw  GH,  BD,  CE  perpendicular  to  OF,  meeting  OF  in  the  points  H,  D,  E. 

In  Fig.  3,  draw  a  straight  line,  in  which  take  the  distance  op  equal  to  OA,  Fig.  1.  Draw  p  g 
perpendicular  to  op.  In  p  g,  take  p  a  equal  to  Pb,  Fig.  1,  and  a  g  equal  to  i  g,  Fig.  1. 

Draw  a  e  and  g  f  parallel  to  p  o.  In  a  e,  make  a  d  equal  to  AD,  Fig.  1,  and  a  e  equal  to  AE, 
Fig.  1.  Join  d  g,  and  complete  the  parallelogram  e  d  g  f ;  then  e  is  a  point  in  the  concave  side  of 
the  face  mould,  and  g  a  point  in  the  convex  side,  so  that,  by  finding  all  the  sections  in  the  same 
manner,  we  shall  obtain  as  many  points  both  in  the  concave  and  convex  side  of  the  falling  mould  as 
we  please. 


SECTION   V. 


PLASTERING. 

Value  of  the  Plasterer's  Art,   1,   2 Internal   Plastering,  Cements,  2,  3 Lime,  4 Plaster  of  Paris,  5 

Lathing,  6 — 12. Cornices,  13. Ornamented  Cornices  and  Enrichments,  14 External  Plastering,  15,  16 

Stucco,    17. .Roman   Cement,    18 Bayley's    Composition,    19 Mastic    Cement,    20 Keene's    Marble 

Cement,  21. Explanations  of  Terms,  22. 


1.  PLASTERING  is  au  art  of  primary  importance  iu  building,  more  particularly  as  respects  the  interior 
of  edifices,  iu  the  finishing  and  decoration  of  which  it  has  long  formed  a  very  prominent  feature. 
Of  late  years,  indeed,  especially  in  and  immediately  around  London,  in  consequence  of  the  great 
improvements  that  have  been  made  in  the  composition  and  execution  of  stucco  work,  combined  with 
the  high  price  of  stone  and  labour,  the  exterior  of  many  of  our  buildings  are,  equally  with  the  inte- 
rior, indebted  to  the  skill  and  dexterity  of  the  Plasterer  for  their  principal  decorations ;  and  such  is 
the  perfection  to  which  this  species  of  work  has  been  brought,  that  the  ornamental  works  of  the 
Plasterer,  not  only  often  rival  in  beauty,  but  in  some  cases,  when  well-executed,  equal  in  durability, 
those  of  the  Mason  and  Sculptor. 

The  ordinary  work  of  the  Plasterer  consists  in  preparing  and  covering  the  walls  and  ceilings  of 
buildings  with  a  composition,  of  which  the  ground-work  is  lime  and  hair  mortar,  finished  with  one 
or  more  coats  of  finer  materials  of  different  kinds,  according  to  the  description  of  work  intended  to 
be  produced ;  but  under  the  general  term  plastering  is  likewise  included  the  execution  of  the  several 
kinds  of  ornamental  stucco  work,  together  with  the  modelling  and  casting  in  Plaster  of  Paris,  the 
various  enrichments  employed  in  the  decoration  of  buildings.  Formerly,  the  most  elaborate  enrich- 
ments of  ceilings,  cornices,  &c.,  were  executed  by  hand,  but  from  the  facility  with  which  cast  work 
is  executed,  and  its  consequent  comparative  cheapness — especially  where  a  considerable  quantity  is 
required — it  has  almost  entirely  superseded  the  former  method. 

INTERNAL  PLASTERING. 

2.  Internal  plastering  is  of  two  kinds ;  the  one  being  executed  on  laths,  the  other  on  walls.     The 
latter  description  is,  termed  rendering. 

3.  The  cements  or  mortars  made  use  of  by  plasterers  are  of  several  kinds. 

The  first  is  called  Coarse  stuff.  This  is  prepared  in  the  same  way  as  common  mortar,  with  the 
addition  of  a  little  hair  from  the  tan-yards,  which  is  incorporated  therewith  by  the  use  of  a  three- 
pronged  rake.  The  hair  used  should  be  long  and  fresh,  and  equally  distributed  throughout  the 
stuff,  so  that  if  a  finger  be  drawn  across  it,  the  hairs  shall  appear  at  least  the  sixteenth  part  of  an 
inch  asunder. 

Fine  stuff  is  pure  lime,  slaked  with  a  small  quantity  of  water,  and  afterwards  saturated  to  excess, 
and  put  into  tubs  in  a  semi-fluid  state,  when  it  is  allowed  to  settle  and  the  water  to  evaporate. 
Sometimes  a  small  quantity  of  hair  is  added. 
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Putty  is  lime  dissolved  in  a  small  quantity  of  water  ;  fresh  lime  being  added  from  time  to  time, 
and  the  mixture  stirred  with  a  stick  until  the  lime  is  entirely  slaked,  and  the  whole  becomes  of  the 
consistence  of  mud :  it  is  next  sifted  or  run  through  a  hair  sieve,  in  order  to  separate  the  grosser 
parts  of  the  lime,  and  is  then  fit  for  use.  Putty  differs  from  fine  stuff  inasmuch  as  it  is  prepared  in 
a  different  manner,  and  always  used  without  hair. 

Stucco,  for  internal  work,  is  composed  of  fine  stuff  and  very  fine  washed  sand,  in  the  proportion  of 
one  part  of  the  latter  to  three  of  the  former.  All  walls  intended  to  be  painted  are  finished  with  this 
description  of  stucco. 

4.  LIME. — The  general  nature  and  quality  of  lime,  which  forms  the  most  important  ingredient  in 
all  the  operations  of  the  Plasterer,  has  been  already  treated  of  at  considerable  length  under  the 
head  of  PRINCIPLES   OP   PRACTICAL  ARCHITECTURE,   Sect.  II.   §  47 — 63  ;  and  it  is  therefore  only 
necessary  to  observe  in  this  place,  that,  for  the  purposes  of  the  Plasterer,  chalk-lime  is  commonly 
used,  being  most  suitable  for  internal  works. 

The  lime  generally  used  in  London  comes  from  Purfleet,  in  Kent ;  but  for  external  stucco  and 
other  works,  where  strength  and  durability  are  required,  that  made  at  Dorking,  in  Surrey,  is  pre- 
ferred. In  some  later  works  in  London,  the  blue  lias  lime,  brought  from  Devonshire,  has  been  used 
both  for  internal  and  external  stucco;  and  where  due  attention  is  paid  to  the  preparation,  and 
sufficient  labour  is  bestowed  in  the  use  of  it,  it  certainly  forms  a  most  excellent  cement,  being 
extremely  hard  and  durable.  Much,  however,  depends  on  the  requisite  labour  being  given  to  it, 
and  as  that  is  considerable,  the  expense  of  the  work  is  materially  increased  thereby. 

Great  attention  is  required  on  the  part  of  the  Plasterer  in  the  preparation  of  his  materials,  more 
especially  as  regards  the  proper  slaking  of  the  lime  ;  otherwise,  nearly  as  soon  as  the  work  is  finished, 
it  is  liable  to  be  disfigured  by  numerous  blisters  on  the  surface.  On  opening  these,  a  small  particle 
of  unslaked  lime  will  be  discovered  in  each,  which  must  be  removed,  and  the  defect  made  good: 
this  causes  much  additional  labour,  and,  if  the  wall  has  been  painted,  occasions  a  considerable 
additional  expense. 

5.  PLASTEK  OP  PARIS. — Another  important  article  to  the  Plasterer,  in  the  execution  of  his  best 
works,  is  Plaster  of  Paris,  of  which  mouldings  and  other  decorations  are  made.     When  expedition 
is  required,  it  is  of  the  greatest  service  to  mix  with  the  mortar,  as  it  causes  the  work  to  set  as  soon 
as  it  is  laid  on. 

This  material  is  found  in  great  quantities  in  the  environs  of  Paris,  but  that  which  is  principally 
used  in  London  is  prepared  from  Gypsum, — a  sulphate  of  lime  dug  in  Derbyshire.  It  is  calcined  in 
a  kiln,  and  then  beaten  into  a  powder,  which  being  sifted,  and  mixed  with  water,  is  used  either  for 
casting  ornaments,  or  with  the  mortar  in  such  proportions  as  may  be  necessary  to  produce  the  effect 
required. 

The  operation  of  mixing  Plaster  of  Paris  with  mortar  is  termed  gauging  ;  and  the  material  so 
compounded  is  called  Gauged  stuff, 

Plaster  of  Paris  being  formed  into  a  thin  paste  by  the  addition  of  water,  quickly  sets  or  becomes 
hard,  and  at  the  instant  of  its  setting  its  bulk  is  increased  ;  this  expansion  of  the  plaster,  in  passing 
from  a  soft  to  a  hard  state,  is  one  of  its  most  valuable  properties,  rendering  it  an  excellent  material 
for  filling  cavities  where  other  mixtures  would  shrink  and  leave  vacuities,  or  entirely  separate  from 
the  adjoining  parts.  This  material  is  used  for  taking  casts  and  impressions  of  figures,  busts,  medal?, 
ornaments,  &u.,  and  likewise  for  making  the  moulds  in  which  they  are  formed. 

A  coarse  kind  of  plaster,  which  is  much  used  for  forming  the  floors  of  granaries,  cottages,  and 
farm-houses,  is  made  from  a  blueish  stone,  much  resembling  the  stone  of  which  Dutch  tarras  is 
made.  The  stone  is  burnt  like  lime,  and  becomes  white  thereby,  but  when  mixed  with  water  it 
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does  not  ferment  like  lime.  When  cold  it  is  beat  into  a  fine  powder,  and,  in  order  to  prepare  it  for 
use,  a  quantity  is  put  into  a  tub  and  water  added  till  the  whole  becomes  liquid ;  in  this  state  it  is 
stirred  with  a  stick,  and  should  be  used  immediately,  or  it  will  become  hard  and  useless,  as  it  will 
not  bear  to  be  mixed  a  second  time  like  lime.  In  constructing  this  description  of  floors,  the  joists 
are  laid  in  the  usual  manner,  and  a  strong  sort  of  reed,  which  grows  in  Huntingdonshire,  is  nailed 
thereto,  on  which  the  plaster  is  spread  with  as  much  expedition  as  possible,  to  the  thickness  of  about 
two  inches.  In  those  parts  where  reeds  cannot  be  obtained  laths  are  made  use  of,  but  they  are 
more  expensive.  These  floors  are  very  useful,  inasmuch  as  they  afford  great  security  feoth  against 
fire  and  vermin. 

6.  LATHS. — Laths  are  of  various  sizes  and  qualities.  In  and  about  London  they  are  usually  cut 
out  of  Baltic  or  American  timber,  in  lengths  of  three  and  four  feet,  and  are  known  in  the  trade  by 
the  name  of  lath,  lath  and  half,  and  double  lath.  The  common  laths  are  a  bare  quarter  of  an  incli 
in  thickness ;  the  others  are  thicker,  as  their  names  import,  and  increase  in  value  accordingly.  The 
thin  laths  are  most  applicable  for  partitions,  and  the  thicker  ones  for  ceilings.  In  the  use  of  them, 
care  should  be  taken  so  to  dispose  them  that  the  joints  may  be  as  much  broken  as  possible,  by  which 
means  the  plastering  with  which  they  are  covered  is  much  strengthened. 

Laths  are  occasionally  made  of  oak ;  in  which  case  it  is  necessary  to  use  wrought-iron  nails  to  fix 
them,  instead  of  cast-iron  nails,  which  are  more  commonly  used  with  fir  laths. 


LATHING. 

7.  After  the  lathing  is  completed,  the  next  process  is  the  layiny,  which  is  performed  by  spreading 
a  single  coat  of  lime  and  hair  all  over  the  ceiling  or  partition  to  be  plastered,  keeping  it  as  smooth 
and  even  as  practicable.     This  is  the  cheapest  and  most  common  description  of  plastering. 

8.  Lathing,  laying,  and  setting,  is  a  superior  description  of  work  to  the  foregoing.     The  first  coat 
being  laid  on,  is  crossed  all  over  with  the  end  of  a  lath,  to  give  it  a  key  to  receive  the  next  coat,  this 
is  called  pricking -up.     When  this  coat  is  sufficiently  dry,  a  thin  and  smooth  coat  of  putty  is  spread 
over  it  with  a  smoothing  trowel,  which  the  workman  uses  in  his  right  hand,  having  in  the  other  a 
large  flat  brush  of  hogs'  bristles,  which  he  occasionally  dips  in  water,  drawing  it  backwards  and 
forwards  over  the  work,  thus  producing  a  smooth  and  even  surface. 

9.  Lathing,  floating,  and  setting,  differs  from  the  foregoing  in  having  the  first  coat  pricked-up  to 
receive  the  set,  which  is  here  called  floating.     To  perform  this  operation,  the  workmen  are  provided 
with  a  substantial  straight  edge  from  six  to  twelve  feet  in  length,  varying  according  to  the  dimen- 
sions of  the  room  in  which  the  work  is  to  be  executed,  and  which  must  be  used  by  two  workmen. 
The  parts  to  be  floated  are  first  tried  by  a  plumb-line,  to  ascertain  whether  they  are  perfectly  flat 
and  level ;  and  wherever  any  deficiency  appears,  it  must  be  filled  up  with  lime  and  hair ;  this  is 
termed  filing  out,  and  when  the  whole  surface  is  made  sufficiently  level  the  screeds  are  begun  to  be 
formed. 

10.  A  screed  is  a  style  of  lime  and  hair  of  about  seven  inches  in  width,  gauged  quite  true  by 
means  of  a  straight  edge.     The  screeds  are  to  be  formed  at  about  three  or  four  feet  from  each  other, 
in  a  vertical  direction  on  all  the  sides  of  the  room ;  and  the  intervals  between  them  are  to  be  filled 
up  with  lime  and  hair  till  they  are  flush  with  the  face  of  the  screeds.     The  straight  edge  is  then 
worked  horizontally  over  the  screeds,  by  which  means  any  superfluous  stuff,  which  may  project 
beyond  them  in  the  intervals,  is  removed,  and  a  perfectly  plain  surface  is  produced.     This  operation 
is  termed  floating,  and  is  occasionally  applied  to  ceilings  as  well  as  to  walls,  the  screeds  being  formed 
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in  the  direction  of  the  width  of  the  apartment.  This  process  requires  considerable  care  and  skill  in 
the  execution. 

The  setting  to  floated  work  is  performed  in  the  manner  already  described  for  laying,  but,  as  i£  ig 
employed  for  the  best  apartments,  greater  care  is  required,  and  about  one-sixth  part  of  Plaster  of 
Paris  is  added  in  order  to  make  it  set  more  speedily,  and  give  it  a  more  close  and  compact  appear- 
ance ;  it  likewise  renders  it  more  firm,  and  better  fitted  to  receive  such  colouring  as  may  be  required 
when  finished. 

For  floated  stucco  work  the  pricking-up  coat  cannot  be  too  dry ;  but  if  the  floating  which  is  to 
receive  the  setting  coat  be  too  dry  before  the  set  is  laid  on,  it  will  be  liable  to  peel  off  or  crack,  so 
as  to  disfigure  the  work ;  particular  attention  should  therefore  be  given  to  have  the  under  coats  in  a 
due  state  of  dryness  when  the  external  coat  is  laid  on. 

11.  Trowelled  stucco — which  is  a  very  neat  kind  of  work,  and  commonly  used  in  dining  rooms,  halls, 
galleries,  staircases,  &c.,  where  the  walls  are  intended  to  be  painted — must  be  worked  on  a  floated 
ground,  and  the  floating  should  be  perfectly  dry  before  the  stucco  is  applied.     In  this  process,  the 
plasterer  is  provided  with  a  wooden  tool  called  a  float,  consisting  of  a  piece  of  thin  deal,  about  ni,ne 
inches  long  and  three  inches  wide,  planed  smooth,  with  its  lower  edges  a  little  rounded  off,  and 
having  a  handle  fixed  on  its  upper  surface.     The  stucco  being  prepared  as  already  described,  is 
afterwards  well-beaten  and  tempered  with  clean  water.     The  ground  intended  to  be  stuccoed  is  first 
prepared  with  a  large  trowel,  and  made  as  smooth  and  level  as  possible,  and  the  stucco  having  been 
spread  upon  it,  to  the  extent  of  four  or  five  feet  square,  the  workman,  with  the  float  in  one  hand 
and  a  brush  in  the  other,  begins  to  rub  it  smooth  with  the  float,  having  first  sprinkled  it  with  water 
from  the  brush ;  this  he  does  in  small  portions  at  a  time,  and  proceeds  alternately  sprinkling  and 
rubbing  the  face  of  the  stucco  till  the  whole  is  completed.     The  water  has  the  effect  of  hardening 
the  face  of  the  stucco,  and  when  well-floated,  the  stucco  feels  to  the  touch  as  smooth  as  glass.     This 
work  is  executed  both  on  walls  and  on  laths. 

12.  Render  and  set,  or  rendering  floated  and  set,  combines  the  foregoing  processes,  only  no  lathing 
is  required.     Rendering  is  to  be  understood  of  a  wall,  whether  of  brick  or  stone,  being  covered  witti 
a  coat  of  lime  and  hair.     By  set,  is  denoted  a  thin  coat  of  fine  stuff  or  putty  laid  upon  the  rendering. 
These  operations  are  similar  to  those  described  for  setting  ceilings  and  partitions ;  and  the  floated 
and  set  is  laid  on  the  rendering  in  the  same  manner  as  before  described  on  lathed  work. 


CORNICES. 

13.  Cornices  are  either  plain  or  ornamented. 

In  order  to  execute  a  cornice  according  to  a  given  design,  it  is  necessary  to  prepare  a  mould  of 
the  several  members,  which  mould  is  usually  made  of  sheet  copper  or  brass,  indented  so  as  to  repre- 
sent exactly  the  forms  and  projections  of  the  said  members,  and  fixed  into  a  wooden  handle.  If  the 
projection  of  the  cornice  exceeds  eight  inches,  it  is  requisite  to  fix  bracketting  to  receive  the  same. 
This  consists  of  pieces  of  wood  fastened  to  the  wall,  on  which  the  cornice  is  to  be  formed,  about  a 
foot  apart,  to  which  laths  are  affixed ;  the  whole  is  then  covered  with  a  coat  of  rough  plaster,  allow- 
ance being  made  for  the  thickness  of  the  stuff  necessary  to  form  the  cornice,  for  which  about  one 
inch  and  a  quarter  is  generally  sufficient.  To  run  the  cornice  two  workmen  are  necessarily  employed, 
who  must  be  provided  with  a  tub  of  set, or  putty,  and  a  quantity  of  Plaster  of  Paris. 

Previously  to  using  the  mould,  they  gauge  a  straight  line  or  screed  on  the  wall  and  ceiling,  formed 
of  putty  and  plaster,  and  extending  so  far  on  each  as  to  answer  to  the  bottom  and  top  of  the  cornice 
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to  be  formed.      On  the  screed  thus  formed  on  the  wall,   one  or  two  slight  deal  straight  edges 
are  nailed,  and  a  notch  or  chase  being  likewise  cut  in  the  mould  forms  a  guide  for  it  to  run 

upon. 

When  all  is  so  far  ready,  the  putty  is  to  be  mixed  with  about  one-third  of  Plaster  of  Paris,  and 
rendered  of  a  semi-fluid  consistence  by  the  addition  of  clean  water.  One  of  the  workmen  then  takes 
two  or  three  trowels  full  of  the  prepared  putty  on  his  hawke,  which  he  holds  with  one  hand,  whilst, 
with  the  other,  he  spreads  the  stuff  on  the  parts  where  the  cornice  is  to  be  worked:  the  other  work- 
man occasionally  applying  the  mould  to  see  where  more  or  less  of  the  material  is  required.  When 
a  sufficient  quantity  has  been  put  on  to  fill  up  all  the  parts  of  the  mould,  the  mould  is  worked  back- 
wards arid  forwards,  being  at  the  same  time  held  firmly  to  the  ceiling  and  wall,  by  which  means  the 
superfluous  material  is  removed,  and  the  contour  of  the  cornice  completed  of  the  form  required. 
Sometimes  it  is  necessary  to  repeat  this  operation  several  times,  in  order  to  fill  up  such  parts  as  are 
deficient  in  the  former  applications.  A  piece  of  cornice  is  thus  soon  formed  of  from  ten  to  twelve 
feet  in  length,  according  as  may  be  required,  as  it  is  desirable  that  the  whole  of  the  cornice  between 
any  two  breaks  or  projections,  should  be  completed  at  the  same  time,  in  order  that  the  entire  length 
may  be  correct  and  true. 

When  the  stuff  gets  too  stiff — which,  while  working  large  cornices  is  frequently  the  case,  from  the 
Plaster  of  Paris  causing  the  putty  to  set  very  quickly — it  must  be  sprinkled  with  water  from  a 
brush,  as  often  as  may  be  necessary  to  keep  it  moist. 

When  the  cornice  is  of  large  dimensions,  three  or  four  moulds  are  necessary,  which  are  applied  in 
succession,  in  the  manner  already  described,  until  the  whole  is  formed. 

The  mitres,  both  internal  and  external,  are  afterwards  modelled  and  filled  up  by  hand ;  and,  in 
this  operation,  the  effect  produced  by  a  skilful  workman  is  easily  discernible. 


ORNAMENTED  CORNICES  AND  OTHER  ENRICHMENTS. 

14.  Ornamented  cornices  are  formed,  in  the  first  instance,  in  the  manner  already  described, 
excepting  that  additional  indents  or  sinkings  are  left  in  parts  of  the  plain  mouldings  to  receive  the 
several  enrichments,  which  are  now  cast  in  Plaster  of  Paris,  by  means  of  moulds  prepared  1'or  the 
purpose.  A  considerable  saving  is  thus  effected,  as  formerly  all  species  of  enrichments  were  worked 
by  hand,  by  artisans  known  in  the  trade  by  the  name  of  ornamental  plasterers. 

All  the  ornaments  which  are  cast  in  Plaster  of  Paris,  are  previously  modelled  in  clay,  from  designs 
made  for  the  purpose.  In  forming  the  clay  model,  the  taste  and  judgment  of  the  artist  is  put  to 
the  test. 

When  the  model  is  finished,  and  become  somewhat  firm,  it  is  oiled  all  over  and  put  into  a  wooden 
frame  adapted  to  it ;  the  several  parts  are  then  retouched  and  perfected,  to  prepare  them  to  receive 
a  covering  of  melted  wax,  which  is  poured  warm  into  the  frame,  and  over  the  clay  model,  where  it 
is  left  to  cool  and  fix  itself.  When  cold  it  is  turned  upside  down,  and  the  wax  comes  easily  away 
from  the  clay,  and  forms  a  mould  for  future  castings.  In  this  mould  the  enrichments  are  cast, 
which  is  generally  done  by  a  common  Plasterer.  The  wax  moulds  are  usually  made  so  as  to  cast 
about  a  foot  in  length  of  the  ornament  at  a  time,  greater  lengths  being  very  difficult  to  get  out  of 
the  mould. 

The  casts  are  made  with  the  finest  and  purest  Plaster  of  Paris,  saturated  with  water ;  and  the 

wax  mould  is  oiled  previously  to  pouring  in  the  plaster.     The  intaglios  or  casts,  when  first  taken 

'out  of  the  mould,  are  not  very  firm,  and  are  placed  either  in  the  air  or  in  a  hot  oven  to  dry  them; 
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when  hard  enough  to  bear  handling,  they  are  scraped  and  cleaned  up,  preparatory  to  being  fixed  in 
the  places  for  which  they  are  intended. 

Enriched  friezes  and  bos  reliefs  are  formed  in  a  similar  manner  to  the  ornaments  just  described, 

excepting  that  the  wax  mould  is  so  formed  as  to  allow  of  a  ground  of  plaster  being  left  behind  the 

ornament,  of  about  half  an  inch  in  thickness ;  this  is  cast  to  the  ornament  or  figures,  and  strengthens 

and  defends  their  proportions,  as  well  as  promotes  their  general  effect,  when  fixed  in  the  situation 

or  which  they  are  intended. 

Capitals  to  columns  are  produced  by  a  similar  process,  but  they  require  several  moulds  to  complete 
them. 

In  forming  the  Corinthian  capital,  it  is  necessary  first  to  prepare  the  bell  or  vase,  which  must  he 
so  shaped  as  to  promote  a  graceful  effect  in  the  foliage  and  volutes,  for  each  of  which,  as  well  as  the 
other  details,  separate  and  distinct  cameos  will  be  required.  These  are  all  cast  separately,  and 
afterwards  attached  to  the  bell  or  vase,  by  means  of  liquid  Plaster  of  Paris. 


EXTERNAL  PLASTERING. 

15.  External  plastering  is  either  rough-cast,  or  stucco.     The  first  is  a  description  of  covering  much 
cheaper  than  stucco,  and  therefore  for  the  most  part  employed  in  cottages,  farm-houses,  and  such 
buildings. 

16.  Bough-cast  is  executed  in  the  following  manner.     The  building  intended  to  be  rough-cast  is 
first  covered,  or  as  it  is  technically  called  pricked-up,  with  a  coat  of  lime  and  hair.     When  this  is 
sufficiently  dry,  a  second  coat  is  laid  on  of  the  same  materials  as  the  first,  but  as  smooth  as  it  can 
be  spread:  as  fast  as  the  workman  finishes  this  surface,  lie  is  followed  by  another  with  a  pail  full  of 
rough-cast,  with  which  he  bespatters  the  new  plastering,  and  the  whole  is  left  to  dry  together.     The 
rough-cast  is  composed  of  fine  gravel,  and  clean  sand  washed  from  all  earthy  particles,  and  mixed 
with  pure  lime  and  water  till  the  whole  is  of  a  semi-fluid  consistency :  this  is  thrown  on  the  wall  with 
a  wooden  float,  about  five  or  six  inches  long  and  as  many  wide,  made  of  thin  deal,  and  fitted  to  a 
round  deal  handle.     Whilst  with  this  tool  the  workman  throws  on  the  rough-cast  with  his  right- 
hand,  he  holds  in  his  left  a  common  white-washing  brush  dipped  in  the  rough-cast,  and  with  this  he 
brushes  and  colours  the  mortar,  and  the  rough-cast  he  has  already  spread,  to  give  them  when  finished 
a  regular  uniform  colour  and  appearance. 

17.  STUCCO. — Stucco  is  a  description  of  plastering  executed  so  as,  when  finished,  to  resemble 
stone.     It  is  composed  of  various  kinds  of  materials,  and  distinguished  by  different  names,  as  Roman 
cement,  Bayley's  composition,  and  Hamelein's  mastic.     See  PRINCIPLES  OF  PRACTICAL  ARCHITEC- 
TURE.    Sect.  II.  §  67—87. 

18.  ROMAN  CEMENT. — Roman  cement  was  first  introduced  to  the  public  in  the  year  1796,  when 
Mr.  Parker  obtained  a  patent  for  the  invention.     Mr.  Parker  in  his  specification  says,  "  Nodules  of 
clay,  or  argillaceous  stone,  generally  contain  water  in  their  centre,  surrounded  by  calcareous  crystals, 
and  having  veins  of  calcareous  matter ;  they  are  formed  in  clay,  and  are  of  a  brown  colour  like  the 
clay."     These  nodules  are  directed  to  be  broken  into  small  pieces  and  burned  in  a  kiln  like  lime, 
with  a  heat  sufficient  to  vitrify  them,  and  then  to  be  reduced  to  a  powder.     Two  measures  of  water 
to  five  of  the  powder  make  tarras ;  lime  and  other  matters  may  or  may  not  be  added,  and  the  pro- 
portion of  water  may  be  varied. 

The  process  of  working  this  cement  is  nearly  similar  to  that  of  other  stucco,  but  no  roughing-in 
coat  is  required,  as  with  this  cement  the  work  is  done  by  the  finishing  process  only  of  the  other  kinds. 
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The  staining  of  this  stucco  to  represent  masonry,  is  done  by  diluting  sulphuric  acid  (oil  of  vitriol) 
with  water,  and  putting  into  the  liquid  ochres  or  other  colours,  to  vary  the  tint  according  to  the 
taste  of  the  individual  using  it. 

19.  BAYLBV'S  COMPOSITION. — A  stucco  now  in  general  use  for  external  work,  is  that  description 
known  to  Plasterers  by  the  name  of  Bayley's  compo.     It  consists  of  Thames  sand  washed  clean,  and 
tround  Dorking  lime,  mixed  dry  in  the  proportion  of  three  of  the  latter  to  one  of  the  former.    These 
ingredients,  when  well  incorporated  together,  should  be  secured  from  the  air  in  good  tight  casks,  till 
the  moment  it  is  wanted  to  be  used. 

The  process  of  preparing  and  using  this  stucco  is  as  follows :  first,  the  wall  intended  to  be  covered 
with  it,  is  to  be  prepared  bv  raking  the  mortar  out  of  all  the  joints  and  indenting  the  surface  of  the 
bricks  ;  all  dust  and  other  superfluous  matter  must  be  completely  removed,  and  the  surface  sprinkled 
with  clean  water :  the  wall  is  then  ready  to  receive  the  first  coat,  called  by  the  workmen  the  rough- 
ing-in,  which  is  effected  by  diluting  to  excess  a  quantity  of  the  stucco  in  pails  of  water,  till  it  is  little 
stiffer  than  common  whitewash,  and  then  covering  the  whole  surface  of  the  wall  therewith,  by  means 
of  a  flat  hogs-hair  brush,  after  which  it  must  be  left  till  it  becomes  tolerably  dry  and  hard :  this  will 
be  apparent  from  its  getting  whiter  and  more  transparent  than  when  it  is  first  laid  on. 

A  quantity  of  the  stucco  having  been  tempered  and  saturated  with  water,  when  deemed  of  a  pro- 
per consistence,  screeds,  or  styles,  of  about  eight  inches  in  width,  must  be  formed  at  the  extremities 
of  the  wall,  from  top  to  bottom ;  this  should  be  done  with  accuracy,  which  must  be  proved  by  means 
of  the  plumb-rule  and  straight  edge,  and  subsequently  the  space  between  the  screeds  so  formed,  must 
be  filled  in  with  similar  ones,  at  distances  of  about  five  feet  apart  over  the  entire  surface  of  the  wall, 
excepting  where  apertures  are  required  to  be  left,  when  such  an  arrangement  of  the  distance  of  the 
screeds  must  be  made  as  may  be  found  necessary.  The  next  operation  is  to  fill  in  the  spaces  between 
the  screeds  with  the  stucco,  one  after  the  other,  applying  the  straight  edge  from  time  to  time  in 
order  to  remove  the  superfluous  stucco,  and  leave  the  whole  surface  true  and  even.  Should  any  of 
the  spaces  between  the  screeds  bo  hollow  and  uneven  after  the  first  operation,  more  stucco  must  be 
added,  and  the  application  of  the  straight  edge  repeated  as  often  as  may  be  found  necessary,  till  the 
entire  surface  is  made  perfectly  true. 

The  finishing  of  this  species.of  stucco  consists  in  floating,  or  hardening  the  surface  by  rubbing  it 
with  a  wooden  float,  and  sprinkling  it  with  water  meanwhile,  till  the  stucco  becomes  perfectly  smooth 
and  hard. 

Cornices,  mouldings,  and  fascias,  are  formed  in  a  similar  manner  to  that  usually  adopted  in  com- 
mon plastering,  which  has  been  already  described ;  but  it  will  be  found  necessary  in  running  mould- 
ings with,  this  stucco,  to  add  a  small  quantity  of  Plaster  of  Paris,  in  order  to  produce  a  greater 
degree  of  fixation  whilst  running  or  working  the  mould. 

20.  HAMELEIN'S  MASTIC  CEMENT. — This  cement  consists  of  earth  and  other  substances  that  are 
insoluble  in  water,  or  nearly  so,  either  in  their  natural  state,  or  such  as  have  been  manufactured,  as 
earthenware,  china,  &c.     To  these  materials,  when  pulverized,  are  added  the  different  oxides  of 
lead, — as  litharge,  grey  oxide,  and  minium, — all  reduced  to  a  fine  powder  ;  to  which  again  is  added 
a  quantity  of  pulverized  glass  or  flint  stones.     The  whole  being  intimately  incorporated,  and  made 
of  a  proper  consistence  with  some  vegetable  oil,  as  that  of  linseed,  will  form  a  durable  stucco  or 
plaster  impervious  to  wet. 

The  following  is  the  proportion  of  the  several  ingredients.  To  any  given  weight  of  pit  or  river 
sand,  or  pulverized  earthenware,  or  porcelain,  add  two-thirds  of  the  weight  of  Portland,  Bath,  or 
any  other  stone  of  the  same  nature,  pulverized.  Then  to  every  five  hundred  and  sixty  pounds  of 
this  mixture,  add.  forty  pounds  of  litharge,  two  pounds  of  pulverized  glass,  or  flint  stones,  one  pound 
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of  minium,  ami  two  pounds  of  grey  oxide  of  lead.  The  whole  should  be  thoroughly  mixed 
together,  and  sifted  through  a  sieve,  the  fineness  of  which  will  depend  on  the  different  purposes 
for  which  the  cement  is  intended ;  it  should  then  be  put  into  casks,  and  it  will  keep  for  any  length 
of  time. 

The  following  is  the  method  of  using  it.  To  every  thirty  pounds  weight  of  the  cement,  add  one 
quart  of  oil, — either  linseed,  walnut,  or  any  other  vegetable  oil, — and  mix  it  together  as  any  other 
mortar,  pressing  it  gently  together,  either  by  treading  on  it,  or  with  a  trowel :  it  will  then  have  the 
appearance  of  moistened  sand,  and  as  it  soon  hardens,  care  must  be  taken  that  no  more  ba  mixed  at 
one  time  than  is  requisite  for  the  present  use.  Previously  to  applying  the  cement  to  the  wall, 
especially  if  of  brick,  it  must  be  brushed  with  oil.  If  the  cement  is  intended  to  be  applied  to  wood, 
lead,  or  any  thing  of  a  similar  nature,  less  oil  may  be  used  in  the  mixing  of  it. 

21.  KEENE'S  MARBLE  CEMENT. — A  new  patent  cement  is  at  present  attracting  considerable  atten- 
tion under  the  name  of  Keene's.  Patent  Marble  cement.  It  is  understood  to  be  composed  of  gypsum 
and  alum;  and  is  remarkable  for  its  power  or  susceptibility  of  polish.  There  are  several  qualities 
of  it.  The  coarser  qualities  form  a  paving -scarcely  distinguishable  from  stone  in  colour  and  hard- 
ness, but  of  one-third  the  price  ;  the  best  white  quality  produces  excellent  imitations  of  Florentine 
and  other  mosaics. 


EXPLANATION  OF  TERMS. 

2*2.  Besides  the  several  terms  already  explained  in  the  foregoing  general  description  of  plastering, 
many  others  occur  connected  therewith,  the  principal  of  which  are  arranged  alphabetically,  witli 
explanations,  in  the  following  pages,  together  with  a  description  of  the  several  tools  and  implements 
used  by  the  Plasterer  in  the  execution  of  his  work. 


A. 

Angle  float,  a  float  made  to  any  internal  angle. 

Arris,  the  line  on  which  two  surfaces  of  a  wall  meet  each  other,  forming  an  external  angle.  The  working  of  these 
intersections  requires  extra  labour  and  attention,  and  is  paid  for  accordingly  by  the  lineal  foot. 

Alabaster,  see  Gypsum. 

Asphaltum,  a  kind  of  bituminous  stone,  found  near  the  ancient  Babylon,  and  lately  in  the  province  of  Neufcbatel. 
When  asphaltum  is  mixed  with  some  other  materials,  a  cement  is  formed  impervious  to  air  or  water.  It  is  sup- 
posed to  be  the  celebrated  cement  used  in  the  walls  of  Babylon,  and  in  the  temple  at  Jerusalem. 

B. 

Dastard  stucco,  is  three-coat  plaster;  the  first  generally  rougbing-in  or  rendering,  the  second  floating  as  in  trowelled 
stucco,  but  the  finishing  coat  contains  a  little  hair  besides  the  sand.  It  is  not  hand  floated,  and  the  trowelling  is 
done  with  less  labour  than  what  is  denominated  trowelled  stucco. 

Bay,  a  strip  or  rib  of  plaster  between  screeds,  for  regulating  the  floating  rule. 

Heater,  an  implement  used  by  the  labourers  for  tempering  or  incorporating  the  lime,  sand,  and  hair  together. 

Brackettiny  for  plastering  is  variously  named  according  to  the  form  of  the  ceiling  which  it  sustains,  as  groin-bracketting, 
dome-bracketting,  cove-bracketting,  spandrell-bracketting.  spherical-bracketting,  bracketting  for  the  heads  of  niches, 
,vr.  In  all  these,  the  brackets  are  so  disposed  that  their  edges  will  be  parallel  to  the  surface  of  the  plastering 
when  finished.  The  distance  between  the  edge  of  the  brackets  and  the  surface  of  the  plaster,  is  three-fourths  or 
seven-eighths  of  an  inch. 
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C. 


Ceiling,  the  upper  side  of  an  apartment  opposite  to  the  floor,  and  usually  finished  with  plaster  work.  Ceilings  are 
set  in  two  ways ;  the  best  where  the  setting  coat  is  composed-of  plaster  and  putty.  Common  ceilings  are  finished 
the  same  as  walls  set  for  paper. 

Coarse  stuff,  see  page  132. 

Coat,  a  stratum  or  thickness  of  plaster  work  done  at  one  time. 

D. 

Derby,  a  two-handed  float. 

Die,  is  when  plaster  loses  its  strength. 

Dots,  patches  of  plaster  put  on  to  regulate  the  floating  rule. 

Dishing-out,  any  kind  of  coved  work  formed  by  wooden  ribs  for  plastering  upon ;  the  term  is  of  the  same  import  as 

cradling. 
Dubbing-out,  is  the  making  out  with  tiles,  or  any  other  material,  a  deficiency  in  thickness. 

F. 

Finishing,  is  the  best  coat  of  three-coat  work  when  done  for  stucco.  The  term  setting  is  commonly  used  when  the 
third  coat  is  made  of  tine  stuff  for  paper. 

Float,  an  implement  for  forming  the  second  coat  of  three-coat  work  to  a  given  form  of  surface.  Floats  are  of  three- 
kinds;  the  hand-float,  the  quick-float,  and  the  Derby. 

Floating  screed,  a  wooden  rule  for  running  cornices. 

G. 

Gypsum,  a  substance  formed  by  the  combination  of  sulphuric  acid  with  calcareous  earth.  It  is  the  material  from 
which  Plaster  of  Paris  is  formed,  being  calcined  in  kilns.  It  is  of  various  kinds,  known  by  the  name  of  alabaster 
and  talc. 

H. 

Hawke,  a  square  board  with  a  handle  projecting  from  the  under  side,  for  holding  the  stuff  which  the  plasterer  is  using, 

with  which  he  is  supplied  from  time  to  time  by  a  labourer  or  a  boy. 
Hacking,  roughing  the  surface  of  a  wall  previously  to  plastering  it,  for  the  purpose  of  causing  the  plaster  to  adhere 

more  firmly. 
Hundred  of  lime,  a  denomination  of  measure,  denoting  in  some  places  thirty-five,  and  in  others  twenty-five  heaped 

bushels  or  bags. 

J. 

Joint  rules,  are  narrow  trowels  and  rules  for  making  good  niches,  &c. 

L. 

Laying  on  trowels,  see  Trowels. 

Limewash This  is  the  most  common  and  cheap  colouring,  and  is  generally  used  for  such  purposes  as  do  not  require 

any  great  nicety ;  but  a  very  superior  whitewash  may  be  made  with  it  alone  if  proper  care  is  taken  in  its  prepara- 
tion, as  it  is  less  liable  to  peel  off  than  that  which  is  made  with  whiting  and  size.  Take  pieces  of  the  best  chalk 
lime,  the  clearest  that  can  be  selected,  break  them  small,  and  pour  clean  water  on  them,  stirring  the  mixture  for 
a  short  time ;  let  it  then  remain  for  a  few  seconds,  and  afterwards  pour  it  into  another  vessel,  leaving  the  heavier 
particles  behind ;  add  more  water,  stirring  it  as  before,  and  let  it  again  settle ;  then  pour  off  the  water  from  the 
top,  strain  the  mixture  through  a  very  .fine  sieve,  and  keep  it  covered  till  wanted ;  then  add  a  sufficient  quantity  of 
water  to  make  it  of  a  proper  consistence,  and  a  very  superior  whitewash  will  be  produced  applicable  for  the  most 
delicate  purposes.  In  using  it,  it  is  better  to  apply  two  thin  coats  than  one  thick  one,  as  it  will  in  the  latter  case 
be  liable  to  look  smeary. 
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M. 

Mitreing  angles,  making  good  internal  and  external  angles  of  mouldings. 

P. 

Pail,  a  vessel  for  holding  water  to  moisten  the  plaster. 

Pargetting,  a  term  used  for  plastering  walls,  and  sometimes  for  the  plaster  itself. 

Picking  out  tools,  are  made  of  steel  and  polished ;  they  are  of  various  sizes,  commonly  about  seven  or  eight  inches 

long,  and  about  half-an-inch  wide,  flattened  at  both  ends,  and  ground  away  till  they  are  somewhat  rounding. 

They  are  used  to  finish  mitres,  the  returns  of  cornices,  and  to  fill  up  the  joinings  of  ornaments,  &c.     These  tools 

are  required  to  be  kept  perfectly  clean  and  free  from  rust. 
Pugging,  a  coarse  kind  of  mortar  laid  upon  wood  fillets,  between  joists,  in  order  to  prevent  sound  reaching  from  one 

apartment  to  another. 

R. 

Rake,  an  iron  instrument  with  two  or  three  prongs  fixed  to  a  wooden  handle,  used  for  incorporating  the  hair  with 
the  mortar. 


S. 


Scratcher,  an  instrument  for  scratching  the  plaster. 

Screed,  see  Floating  Screed. 

Stopping,  making  good  holes  in  the  plastering. 


T. 


Tarras,  a  strong  mortar  or  cement,  of  great  use  in  lining  cisterns  and  tanks,  and  in  other  descriptions  of  aquatic 
works. 

Tessera,  a  composition  sometimes  used  for  covering  flat  roofs. 

Traversing  the  screeds  for  cornices,  is  putting  on  the  gauged  stuff  on  the  ceiling  screeds  for  regulating  the  running 
mould  of  the  cornice. 

Trowels  are  of  various  sorts  and  sizes  :  such  as  the  laying  and  smoothing  trowel,  consisting  of  a  flat  plate  of  hardened 
iron,  very  thin,  about  ten  inches  in  length,  and  two  inches  and  a  half  in  width,  ground  to  a  semi-circular  shape  at 
one  end,  the  other  being  left  square.  On  the  back  of  the  plate,  and  nearest  to  the  square  end,  is  rivetted  a  piece 
of  small  rod  iron,  to  the  other  end  of  which  a  round  wooden  handle  is  adapted.  With  this  tool  the  several  coats  of 
plastering  are  put  on.  The  trowels  used  by  the  Plasterer  are  made  with  a  superior  degree  of  neatness  to  the  tools 
known  by  the  same  name  and  used  by  other  artificers.  Those  of  the  largest  size  are  about  seven  inches  long  on 
the  plate,  which  is  formed  of  polished  steel,  two  inches  and  three  quarters  wide  at  the  heel,  and  converging  to  an 
apex  or  point ;  the  handle  is  usually  of  mahogany  with  a  wide  brass  ferrule.  With  this  trowel  the  Plasterer  gauges 
all  his  fine  stuff,  and  plaster  for  the  purpose  of  forming  mouldings,  &c.  The  other  trowels  are  fitted  up  in  a 
similar  manner,  varying  gradually  in  their  size,  the  smaller  ones  being  only  two  or  three  inches  in  length. 


SECTION   VI. 


PLUMBERY. 

Definition,  1 Lead,  2 Lead-mines,  3 Building  lead,  4 Smelting  operations,  5 Casting  sheet  lead,  6. 

Casting  Cisterns,  7 Laying  sheet  lead,  8—15. Solder,  16,  17 Pipes,  18—21 Pumps,  22: 

Tools,  23. Table  of  Weights,  24 Sheet  copper,  25 Dotting,  26. Tin  plates,  27. 


1.  PLUMBERY,  or  plumbing,  is  the  art  of  preparing  and  working  lead,  and  applying  it  to  varipus  uses 
in  buildings.  It  likewise  embraces  a  certain  portion  of  tlie  science  of  hydraulics  :  for  the  construct- 
ing of  pumps  and  other  engines  for  the  purpose  of  raising  water,  the  forming  of  cisterns  and  re- 
servoirs, and  the  providing  and  arranging  the  requisite  pipes,  cocks,  valves,  and  other  apparatus 
connected  therewith,  is  usually  intrusted  to  the  Plumber. 

2.  Lead,  which  from  its  durability,  malleability,  and  other  valuable  properties,  is  of  the  greatest 
use  in  building,  is  of  a  blueish-white  colour,  and,  when  recently  melted,  very  bright,  but  it  soon 
becomes  tarnished  if  exposed  to  the  air.     Its  specific  gravity  is  11.3523;  it  melts  when  heated  to 
the  temperature  of  612°  of  Fahrenheit;  when  a  very  strong  heat  is  applied,  the  metal  boils  and 
evaporates ;  if  it  be  cooled  slowly  it  crystallizes.     It  may  be  reduced  by  the  hammer  into  very  thru 
plates,  and  may  likewise  be  drawn  out  into  wire ;  but  its  tenacity,  as  compared  with  other  metals,  is 
not  great.     A  leaden  wire  of  one-twelfth  of  an  inch  diameter,  is  not  capable  of  sustaining  a  greater 
weight  than  eighteen  pounds  avoirdupois  without  breaking ;  whilst  a  copper  wire  of  similar  diameter 
will  sustain  upwards  of  three  hundred  pounds  ;  and  one  of  iron,  nearly  six  hundred  pounds. 

3.  Lead,  as  obtained  from  the  mines,  is  almost  always  combined  with  sulphur,  and  is  therefore 
termed  a  sulphuret :  it  is  found  in  most  of  the  countries  in  Europe,  more  especially  in  France, 
Spain,  and  Germany.     There  are  very  extensive  mines  in  Durham,  Yorkshire,  and  Derbyshire,  and 
likewise  in  some  parts  of  Wales,  Ireland,  and  Scotland. 

4.  Lead,  employed  for  building  purposes,  is  of  three  kinds : — First,  ingot,  or  pig  lead,  as  it  comes 
from  the  smelting-house.     Secondly,  cast  lead,  being,  as  the  term  imports,  formed  into  sheets  by 
fusion.     Thirdly,  milled  lead,  so  called  from  its  being  formed  into  sheets  by  being  passed  between 
cylindrical  rollers, — most  commonly,  though  not  invariably,  at  works  in  the  immediate  vicinity  of 
the  mines  where  it  is  found. 

5.  The  operations  of  roasting,  or,  as  it  is  termed,  smelting  the  ore  to  obtain  the  pure  metal,  consist, 
1st,  in  picking  up  the  mineral,  and  separating  the  unctuous,  rich,  or  pure  ore,  from  the  stony  matrix 
and  other  impurities ; — 2dly,  in  pounding  the  picked  ore  under  stampers ; — 3dly,  in  washing  the 
pulverized  ore  to  carry  off  the  matrix  by  the  water ; — 4thly,  in  roasting  the  mineral  in  a  reverbera- 
tory  furnace,  taking  care  to  stir  it  to  facilitate  the  evaporation  of  the  sulphur.     When  the  surface 
begins  to  assume  the  consistence  of  paste,  it  is  covered  with  charcoal,  the  mixture  is  then  shaken, 
and  the  fire  increased,  and  the  lead  flows  down  on  all  sides  to  the  bottom  of  the  basin  of  the  furnace, 
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whence  it  is  drawn  off  into  moulds  prepared  to  receive  it.  These  are  called  pigs,  and  are  sold  by 
the  merchants  under  that  name,  varying  in  price  according  to  the  quality  of  the  lead.* 

6.  Cast  lead  is  formed  into  sheets  by  the  plumber,  either  from  pigs,  or  from  old  lead  which  lie 
may  have  taken  in  exchange,!  and  usually  in  the  following  manner : 

A  cast-iron  pot,  fixed  in  brickwork,  is  placed  at  one  end  of  the  shop,  near  to  the  casting  table, 
into  which  pot  the  lead  to  be  melted  is  thrown.  The  casting  table  is  in  its  form  a  parallelogram, 
varying  in  size,  according  to  circumstances,  from  four  to  six  feet  in  width,  and  from  twelve  to  twenty 
in  length.  It  is  raised  from  the  ground  so  as  to  be  about  six  or  seven  inches  below  the  top  of  the 
pot  which  contains  the  metal,  and  stands  on  a  strong  wooden  frame  so  as  to  be  quite  steady  and 
firm.  The  top  of  the  table  is  formed  of  deal  boards  made  perfectly  true  and  smooth,  and  has  a 
thick  wooden  rim,  projecting  upwards  four  or  five  inches  at  the  head  and  sides,  called  the  shafts. 
At  the  end  of  the  table  nearest  to  the  pot  in  which  the  lead  is  melted — and  which  is  raised  about 
an  inch  higher  than  the  other  end — is  placed,  what  is  termed,  the  head-pan,  formed  either  of  two 
planks  of  wood  fastened  together  at  right  angles  in  their  length,  with  two  triangular  pieces  fitted  in 
between  them  at  their  ends,  or  of  strong  sheet-iron  wrought  into  a  similar  shape.  This  head-pan 
stands  with  its  bottom — which  is  a  sharp  edge — on  a  bench  at  the  head  of  the  table,  leaning  with 
one  side  against  it ;  on  the  opposite  side  is  a  handle  to  lift  it  up  by,  in  order  to  pour  out  the  liquid 
metal.  It  is  in  length  equal  to  the  width  of  the  mould ;  and  on  the  side  next  the  mould  are  two 
iron  hooks  to  hold  it  to  the  table,  and  to  prevent  it  from  slipping  whilst  the  metal  is  pouring  out. 
The  head-pan  is  made  of  sufficient  capacity  to  contain  as  much  melted  lead  as  is  required  to  form 
one  sheet.  The  whole  surface  of  the  mould  is  then  covered  with  a  stratum  of  fine  sand  of  about 
two  inches  in  thickness,  slightly  moistened  and  pressed  firm,  and  rendered  perfectly  smooth  by  means 
of  a  tool  called  the  strike,  and  by  the  use  of  a  plane  of  thick  polished  brass  adapted  for  the  purpose. 
Previously  to  the  casting  being  commenced,  the  strike — which  consists  of  a  board  about  five  inches 
in  width,  and  rather  longer  than  the  inside  of  the  mould,  so  that  its  ends,  which  are  notched  about 
two  inches  deep,  may  ride  upon  the  shafts — is  prepared  for  use,  by  tacking  two  pieces  of  old  hat  on 
the  notches,  or  by  covering  them  with  leather  cases,  so  as  to  raise  the  under  edge  of  the  strike  about 
one-eighth  of  an  inch  or  more  above  the  sand,  according  to  the  thickness  that  the  sheet  of  lead 
is  intended  to  be  made.  The  edge  of  the  strike  is  then  smeared  with  tallow,  and  laid  across  the 
mould  with  its  ends  resting  on  the  shafts.  When  the  metal  in  the  pot  is  adequately  heated,  the 
head-pan  is  filled  therefrom  by  means  of  ladles,  and  the  scum  having  been  removed,  the  contents  of 
the  pan  are  poured  into  the  mould,  and  forced  to  the  further  end  of  it  by  means  of  the  strike ; 
the  superfluous  lead  beiug  received  by  a  trough  fixed  at  the  end  of  the  mould  for  that  purpose, 
whence  it  is  conveyed  into  the  pot  again  to  be  re-melted.  The  sheet  is  then  rolled  up  and  weighed, 
and  the  process  repeated  to  produce  other  sheets. 

*  The  merchants'  price  for  the  best  WB.  refined  pig  lead,  at  the  present  time,  (October  1843,)  is  £15  15s.  per  ton; 
in  October  1830,  it  was  £16. 

Milled  lead  is  usually  charged  about  10s.  to  15s.  per  ton  more  than  pig  lead  of  the  same  quality:  formerly  the  differ- 
ence was  much  greater,  but  the  expense  of  manufacturing  has  been  reduced  by  the  introduction  of  machinery.  The 
expense  to  the  plumber  of  converting  pig  lead  into  sheets,  including  waste,  is  about  2s.  per  cwt. 

f  When  plumbers  take  old  lead  from  a  building  in  exchange  for  new,  it  is  customary  with  them  to  allow  for  it,  from 
4s.  to  5s.  per  cwt.  less  than  the  price  agreed  upon  for  the  new  cast  lead.  A  further  allowance  of  four  pounds  per  cwt.  is 
likewise  made  on  the  gross  weight  of  the  old  lead  for  dirt.  The  quality  of  lead  being  considerably  deteriorated  by  long 
( xposure  to  the  vicissitudes  of  the  weather,  and  other  casualties,  whilst  in  use  on  a  building, — it  is  desirable  that  when 
old  lead  is  recast,  a  considerable  proportion  of  new  pig  lead  should  be  used  with  it,  as  the  sheets  otherwise  become  hard 
and  brittle.  In  contracts,  it  is  usual  to  stipulate  that  at  least  one-half  shall  be  new  pig  lead  of  the  best  quality. 
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By  these  means  lead  is  cast  of  different  thicknesses,  varying  from  five  to  fourteen  pounds  to  the 
square  foot.  That  used  for  covering  flats  and  gutters  seldom  exceeds  eight  pounds  to  the  foot ;  the 
thicker  kinds  being  applied  to  lining  cisterns,  reservoirs,  and  similar  purposes. 

7.  When  it  is  intended  to  cast  a  cistern,  the  size  of  the  four  sides  is  measured  out,  and  the  dimen- 
sions of  the  front  having  been  taken,  long  slips  of  wood,  on  which  the  mouldings  required  to  be  in- 
troduced have  been  formed,  are  pressed  upon  the  sand,  and  leave  their  impressions ;  various  orna- 
ments also  are  stamped  upon  the  internal  area  by  means  of  lead  moulds  ;  such  of  the  sand  as  may 
have  been  disturbed  during  this  process  is  then  made  smooth,  and  the  casting  is  performed  in  the 
same  manner  as  for  plain  sheets.     When  the  casting  is  completed,  the  lead  is  bent  into  the  shape 
required,  so  that  the  ends  come  at  the  back  of  the  cistern,  where  they  are  soldered  together.     The 
bottom,  which  is  usually  made  of  thicker  lead  than  the  sides,  is  afterwards  soldered  to  them, 

8.  In  laying  sheet  lead  care  should  be  taken  that  the  surface  on  which  it  is  laid  be  made  as  even 
as  possible,  otherwise  the  lead  soon  becomes  cracked  and  unsightly :  this  is  usually  done  by  means 
of  boarding,  but  plastering  is  sometimes  used. 

When  boarding  is  employed  it  should  be  well-seasoned,  and  of  sufficient  thickness  to  prevent  its 
warping  and  twisting  upwards.  Good  yellow  deal,  an  inch  and  a  quarter  in  thickness,  is  the  best 
for  the  purpose,  but  inch  deal  is  often  used. 

The  sheets  of  lead  are  seldom  more  than  six  feet  in  width ;  consequently,  when  a  large  surface  is 
to  be  covered,  it  becomes  necessary  to  have  joints,  and  these  the  plumber  must  so  construct  as  to 
prevent  their  leaking :  the  best  way  to  effect  this  object  is  by  forming  what  are  called  rolls. 

9.  A  roll  consists  of  a  piece  of  wood  of  about  two  inches  square,  but  rounded  on  its  upper  side, 
which  is  fastened  vmder  the  joint  of  the  lead,  between  the  edges  of  the  two  sheets,  which  meet  to- 
gether, so  as  to  overlap  each  other  two  or  three  inches :  one  of  these  laps  is  dressed  over  the  roll  on 
the  inside,  and  the  other  over  both  roll  and  lead  on  the  outside,  by  which  means  the  water  is  pre- 
vented from  penetrating  the  joint.     No  other  fastening  is  requisite  than  the  adherence  of  the  lead 
to  the  roll,  the  edges  being  closely  hammered  together,  and  dressed  down  closely  to  the  boarding ; 
indeed,  all  fastening  to  sheet  lead  exposed  to  the  action  of  heat  and  cold  ought  to  be  avoided,  as  it 
expands  and  contracts  considerably  by  the  vicissitudes  of  temperature,  and  if  it  is  fastened  so  as  to 
prevent  such  changes  from  affecting  it  uniformly,  it  will  soon  become  cracked  and  dilapidated. 

10.  When  rolls  are  not  used — which  sometimes  happens  from  their  projection  being  inconvenient 
— seams  are  employed,  which  are  formed  by  simply  turning  up  the  two  edges  of  the  lead  which 
approach  each  other,  one  being  lapped  over,  the  other,  and  then  dressing  them  down  close  to  the 
boarding  of  the  flat  throughout  their  whole  length ;  but  this  plan  is  by  no  means  equal  to  the  roll 
either  for  neatness  or  durability. 

11.  Soldering  the  joints  is  sometimes  had  recourse  to  for  such  kind  of  work,  but  it  is  a  very  bad 
practice,  as  lead  so  fastened  will  very  easily  crack. 

12.  Lead  flats  should  always  be  laid  with  a  sufficient  current  to  keep  them  dry,  which  is  done  by 
giving  a  fall,  from  back  to  front,  of  about  one  quarter  of  an  inch  to  each  foot  of  width  of  the  flat ; 
so  that,  if  the  sheets  are  twenty  feet  in  length,  they  will  be  so  laid  as  to  be  five  inches  higher  at  the 
one  end  than  the  other :  this  is  termed  giving  a  current,  and  is  generally  determined  by  the  carpen- 
ter and  plumber,  previously  to  the  commencement  of  the  laying  of  the  lead,  and  whilst  the  former 
is  laying  the  boarding  to  receive  it. 

13.  Flashings  are  pieces  of  lead — most  commonly  milled  lead — about  eight  or  nine  inches  wide, 
varying  somewhat  according  to  circumstances,  fixed  all  round  the  extreme  edges  of  a  flat  or  gutter 
after  the  lead  has  been  laid,  the  edges  of  which  should  always  be  turned  up  a  few  inches.     Where 
flashings  are  fixed  to  brickwork,  one  edge  thereof  is  inserted  into  the  joint  between  the  courses  of 
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bricks,  and  then  dressed  over  the  edge  of  the  lead  of  the  flat  or  gutter  that  has  been  turned  up. 
When  fixed  to  stone,  a  channel  or  groove  is  cut  in  the  stone,  into  which  the  edge  of  the  flashing  is 
inserted  and  burned  in ;  it  is  then  dressed  over  the  other  lead  as  already  described. 

14.  Drips,  in  flats  and  gutters,  are  formed  by  raising  one  part  above  the  other ;  the  lead  of  the 
lower  part  being  turned  up  against  the  edge  of  the  part  so  raised,  and  the  edge  of  the  lead  of  the 
higher  part  being  dressed  down  over  it.     Recourse  is  had  to  drips  when  the  length  of  the  gutter  or 
flat  exceeds  that  of  the  sheet  of  lead,  in  order  to  avoid  the  necessity  of  soldering  the  joint,  which 
should  always  be  avoided. 

15.  Milled  lead  is  mostly  used  for  covering  the  hips  and  ridges  of  roofs,  and  for  making  some 
description  of  pipes  ;  but  it  is  not  adapted  for  gutters,  or  any  part  of  the  building  much  exposed  to 
wear  and  tear,  or  to  the  action  of  the  sun.     It  is  usually  very  thin,  seldom  exceeding  one-sixteenth 
of  an  inch  in  thickness,  or  four  pounds  to  the  square  foot.     Milled  lead  is  preferable  to  cast  lead, 
because  it  can  be  made  thinner  and  more  uniform  in  thickness,  and  is  not  subject  to  the  small  air- 
holes or  bubbles  that  cannot  be  avoided  in  casting  sheet  lead. 

16.  Solder  is  used  by  the  plumber  for  the  purpose  of  securing  the  joints  of  lead  work,  in  cases 
where  the  lap  or  roll-joint  cannot  be  applied;  for  joining  pipes,  fastening  cocks,  and  a  variety  of 
other  purposes.     It  is  a  general  rule  with  respect  to  solder,  that  it  should  be  easier  of  fusion  than 
the  metal  intended  to  be  soldered  by  it ;  it  should  likewise  be  as  nearly  as  possible  of  the  same 
colour.     Solder  is  composed  of  lead  and  tin  fused  together,  after  which  it  is  run  into  moulds. 

17.  In  the  operation  of  soldering,  the  surfaces  of  the  metal  intended  to  be  joined  are  scraped  and 
rendered  perfectly  clean ;  they  are  then  brought  close  up  to  each  other,  and  so  held,  whilst  a  little 
resin  or  borax  is  applied  in  order  to  defend  the  metal  from  oxidation  whilst  soldering.     The  heated 
solder  is  then  brought  in  a  ladle  and  poured  on  the  joint  to  be  soldered,  and  then  smoothed  and 
finished  by  being  rubbed  with  a  ^rowing-iron.     When  complete,  it  is  filed  or  scraped  off,  and  made 
even  with  the  joint  and  contiguous  surface  of  the  lead. 

18.  The  pipes  used  by  plumbers  are  of  various  descriptions  and  sizes,  and  are  usually  designated 
by  their  respective  diameters,  as  half  inch,  three-quarter  inch,  inch,  and  one  and  a  half  inch,  up  to 
which  size  they  are  charged  by  the  foot  lineal;  above  that  size  they  are  charged  by  weight. 

19.  Pipes  of  this  description  were  formerly  cast  on  a  core  of  their  respective  diameters ;  but,  for 
some  years  past,  they  have  been  made  by  a  machine  worked  by  steam,  which  furnishes  a  superior 
and  cheaper  article,  of  almost  any  length. 

20.  The  rain  water  pipes  attached  to  the  outsides  of  buildings,  for  the  purpose  of  conveying  the 
rain  water  from  the  roofs,  are  called  socket  pipes.     These  are  commonly  made  of  milled  lead,  and 
are  of  various  diameters,  from  three  to  five  inches,  and  formed  in  lengths  of  from  eight  to  ten  feet 
each.     The  sheet  lead  for  making  them  is  dressed  on  a  rounded  core  of  wood,  and  the  vertical  joint 
at  the  back  is  fastened  and  secured  by  solder.     The  horizontal  joints  are  formed  by  an  astragal 
moulding  in  a  separate  piece  of  lead,  about  two  or  three  inches  wide,  which  laps  completely  over  it, 
both  above  and  below,  and  is  called  the  lap  joint  or  collar  of  the  socket  pipe.     Two  broad  pieces  of 
lead  are  attached  to  the  backs  of  the  lap  joints,  called  the  tacks  ;  these  are  spread  out  right  and  left 
of  the  pipe  upon  the  wall,  to  which  they  are  hammered  quite  close,  and  afford  the  means  by  which 
the  pipe  is  fixed  to  the  building  with  iron  wall-hooks. 

21.  The  cistern  head,  which  is  fixed  at  the  top  of  a  rain  water  pipe,  is  sometimes  made  of  sheet 
lead,  but  is  more  commonly  cast  in  a  mould.     It  is  fastened  to  the  wall  by  tacks,  in  a  similar4  man- 
ner to  the  water-pipes,  and  should  always  be  covered  by  a  grating,  formed  either  of  lead  or  iron,  to 
prevent  the  pipe  being  stopped  up. 

22.  The  plumber's  employment  in  pump-making  is  generally  confined  to  two  or  three  kinds  re- 
quired  for  domestic  purposes,  of  which  the  suction  and  lifting  pumps  are  the  principal.     These,  as 
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well  as  the  apparatus  for  water  closets,  are  most  commonly  manufactured  by  a  particular  set  of  work- 
men, and  sold  to  the  plumber,  who  furnishes  the  requisite  lead  pipes,  and  fixes  them  in  their  places. 
23.  The  plumber  has  not  occasion  for  a  great  variety  of  tools,  on  account  of  the  ductility  of  the 
metal  in  which  he  works :  such  as  are  required  are  usually  supplied  by  the  master-tradesman. 

They  consist  of  an  iron  Jutmmer,  made  rather  heavy,  having  a  short  but  thick  handle,  two  or  three 
different  sized  wooden  mallets,  and  a  dressing  or  flatting  tool.  The  latter  instrument  is  made  of 
beech,  commonly  about  eighteen  inches  long,  and  two  inches  and  a  half  square,  planed  quite  smooth 
on  one  side,  and  rounded  into  an  arch  on  the  other ;  one  of  its  ends  is  tapered  and  rounded,  to  make 
it  convenient  to  be  held  in  the  hand  of  the  workman.  With  this  tool  the  plumber  stretches  out  and 
flattens  all  the  sheet  lead,  as  well  as  dresses  it  into  the  shape  it  may  be  wanted,  in  the  various  pur- 
poses to  which  such  lead  is  applied ;  using  first  the  flat  side  of  this  tool,  and  then  the  round  side,  as 
may  be  required.  The  plumber  likewise  uses  a  jack  and  trying  plane',  similar  to  those  tools  used  by 
carpenters,  for  the  purpose  of  planing  the  straight  edges  of  the  sheet  lead,  when  it  is  required  to  pre- 
sent a  very  regular  and  correct  line,  which  is  sometimes  necessary.  A  chalk  line  is  necessary  also 
in  order  to  line  out  the  lead  to  the  different  widths  it  may  be  required. 

The  cutting  tools  consist  of  chissels  and  gouges  of  different  sizes,  and  knives  ;  these  latter  are  used 
for  the  purpose  of  accurately  cutting  the  sheet  lead  into  strips  and  pieces,  of  such  different  sizes  and 
figures,  as  may  have  been  drawn  on  the  lead  by  the  chalk  line.  Files  and  rasps  of  different  sizes 
are  used  in  manufacturing  cisterns,  pipes,  pumps,  &c. ;  and  a  stock  and  centre  bits  are  occasionally 
required  for  making  perforations  through  lead  or  wood,  for  the  purpose  of  inserting  pipes,  &c. 

For  soldering,  a  variety  of  different  sized  growing-irons  are  used :  they  are  commonly  about  twelve 
inches  long,  and  tapered  at  both  ends,  the  handle  end  being  turned  quite  round,  to  admit  of  its  being 
held  firmly  in  the  hand  whilst  in  use.  The  opposite  end  is  sometimes  made  spherical,  and  some- 
times spindle-shaped  ;  the  size  being  regulated  by  the  soldering  to  be  done  with  them.  These  irons 
are  heated  to  redness  when  used.  Iron  ladles  are  used  for  the  purpose  of  melting  the  solder,  and 
are  of  various  sizes. 

A  measuring  rule  is  likewise  indispensable  to  the  plumber,  which  is  usually  made  in  a  peculiar 
manner ;  being,  when  open,  two  feet  in  length,  but  folding  into  three  parts  of  eight  inches  in  length 
each.  Two  of  the  legs  are  of  box  wood,  and  divided  duodecimally ;  the  third  piece  is  of  steel ;  this 
is  attached  to  one  of  the  box  legs  by  a  pivot  on  which  it  turns,  and  the  same  leg  being  grooved  out 
on  its  side,  it  receives  the  steel  leg  when  not  in  use  in  the  groove. 

Scales  and  weights  are  of  course  necessary  implements  to  the  plumber,  as  most  of  the  articles  he 
supplies  are  charged  by  weight  to  the  employer. 

24.  The  following  table  will  be  found  useful  in  determining  the  weight  of  lead,  when  the  thickness 
of  the  sheet  is  ascertained.  A  cubic  foot  of  cast  lead  weighs  709i  Ibs. 

Thickness.          Pounds  to  the  Thickness.          Pounds  to  the 

Inch.  square  foot.  Inch.  square  foot 

1  59.125  fb  5.912 

J  44.343  -ft  5.375 

*  36.955  T»I  4.927 

J  29.562  -^  ^-S48 

f  22.173  Vi  4-223 

i  14.782  J;  3.942 

t  11.825  TV  a695 

-ft  11.086  ^  3.478 

i  9.854  ^  3.284 

t  8.446  ^  3.112 

i  7-391  &  2.956 

4  6.569 
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25.  Sheet  copper,  being  a  more  tough  and  costly  metal,  is  rolled  much  thinner,  and  is  designated 
by  the  number  of  ounces  in  a  square  foot.     Six  ounce  copper  is  very  thin ;  but  from  eight  to  ten 
ounces  forms  a  good  covering. 

26.  Sheet  metals,  particularly  in  forming  gutters,  are  frequently  nailed  to  the  small  boarding  that 
is  placed  under  them  for  their  support,  and,  in  order  to  prevent  the  nail  hole  suffering  water  to  pass, 
the  nail  and  hole  are  covered  by  a  small  patch  of  solder  ;  this  is  called  dotting.     The  use  of  nails, 
in  this  manner,  requires  some  judgment  and  foresight,  as  to  the  effect  of  expansion  and  contraction, 
because  these  very  frequently  draw  the  nails. 

27.  Tin  plates  soldered  together  are  very  extensively  used  in  the  United  States  for  gutters,  rain- 
pipes,  valleys  of  roofs,  and  even  for  covering  buildings ;  but  their  cheapness  is  their  only  recommen- 
dation ;  they  are  soon  rendered  useless  by  oxidation,  unless  protected  by  frequent  painting. 
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HOUSE    PAINTING. 

Definition,  1 Nature  and  object  of  painting,  2. Different  kinds  of  House  painting,  3. White  lead,  4. 

Red  lead,  5. Litharge,  6. Linseed  oil,  7 Drying  oils,   8 Turpentine,  9 List  of  colours,  10 

Painter's  tools,  11 — 16 General  directions  in  preparing  colours,  17,  18. General  directions  in  laying  on  paint, 

19,  20. Graining,  21 — 26 Ornamental  painting,  27 — 29. Inscription  painting,  30. 


1.  PAINTING,  as  applied  to  buildings,  is  the  art  of  covering  the  several  kinds  of  wood,  plaster, 
ironwork,  aud  other  materials  employed  therein,  with  mineral  colours,  rendered  fluid  by  being  satu- 
rated with  oils,  oil  of  turpentine,  or  sometimes  water ;  for  the  purpose  both  of  decoration,  and  in 
order  to  preserve  the  different  materials  from  the  action  of  air  and  damp. 

2.  A  pigment,  properly  prepared,  is  spread  over  the  several  objects  with  brushes  ;  and  by  the  re- 
petition of  different  coats  successively,  as  the  previous  one  becomes  dry,  a  coating  or  glazing  of  paint 
is  formed,  which  operates  as  a  protection  to  the  material  itself,  renders  it  easier  of  being  cleaned, 
and  at  the  same  time  gives  a  variety  and  neatness  to  the  general  appearance  of  the  building. 

3.  This  species  of  artificers'  work  may  be  divided  into  four  branches  :  viz.,  Common  Painting, 
Graining,  Ornamental  Painting,  and  Inscription  Painting. 

4.  The  whole  of  the  prismatic  colours  are  occasionally  called  into  use  by  the  painter,  and  are 
varied  into  an  almost  endless  number  of  tints  ;  but  the  ground-work  of  all  house  painting  is  formed 
by  a  paint  prepared  from  lead,  and  known  in  the  arts  by  the  name  of  ceruse,  or  white  lead.     Ceruse 
is  a  carbonate  of  lead,  and  is  prepared  in  the  following  manner : — Thin  plates  of  lead,  rolled  up 
spirally  so  as  to  leave  a  space  of  about  an  inch  between  each  coil,  are  placed  vertically  in  earthen 
pots,  at  the  bottom  of  which  is  a  quantity  of  strong  vinegar:  the  pots  are  then  covered,  and  exposed 
to  a  gentle  heat,  in  a  sand  bath,  or  bedded  in  hot  horse  dung.     The  vapour  of  the  vinegar,  assisted 
by  the  tendency  of  the  lead  to  combine  with  the  oxygen  that  is  present,  corrodes  the  lead,  and  con- 
verts the  external  portion  of  it  into  a  white  substance,  which  comes  off  in  flakes  when  the  lead  is 
uncoiled.     The  plates  are  thus  repeatedly  treated  till  they  are  completely  reduced  to  an  oxide. 
The  ceruse  is  afterwards  bleached,  ground,  and  saturated  with  linseed  oil.     It  is  then  put  into  tubs 
resembling  butter-firkins,  each  containing  about  three  hundred  pounds  weight ;  and  in  such  tubs  it 
is  dispensed  at  the  colour-shops.     It  is  frequently  adulterated  either  with  whiting  or  Paris  white  ;  a 
painter,  therefore,  who  is  desirous  that  his  work  should  retain  its  colour  and  useful  properties,  is 
careful  to  procure  his  lead  from  quarters  where  he  can  most  depend  on  having  it  pure  ;  and  as  lead 
improves  by  age,  a  tradesman  with  an  extensive  business  usually  makes  a  practice  of  keeping  by 
him  a  considerable  stock  of  this  article,  so  as  not  to  be  under  the  necessity  of  using  it  till  it  has  been 
in  his  possession  two  or  three  years.     In  a  paper  lately  read  before  the  Academy  of  Sciences  in 
Paris,  it  is  stated  that  the  flowers  of  antimony  yield  a  finer  white,  mix  more  freely  with  other  colours, 
are  more  durable,  and  cost  only  one-third  of  the  price  of  white  lead  ;  while,  neither  in  the  process 
of  manufacture,  nor  in  use,  does  this  substance  affect  the  health  of  the  workmen. 
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5.  The  red  oxide  of  lead  is  likewise  extensively  used  in  painting,  and  is  called  red  lead.     With  a 
small  admixture  of  white  lead,  it  answers  very  well  for  the  first  coats  of  iron,  or  other  external 
work. 

6.  Litharge  is  employed  by  painters  to  facilitate  the  drying  of  their  colours,  and  is  composed  of 
the  ashes  of  lead,  or  a  kind  of  dusky  powder  that  first  appears  in  the  process  of  oxidation.     In  this 
state  it  is  denominated  by  chemists  a  sub-carbonate  of  lead ;  by  painters  it  is  technically  known  as 
dryers.     It  is  afterwards  saturated  with  linseed  oil  to  render  it  more  drying. 

7.  Linseed  oil  is  obtained  by  pressure  from  the  seed  of  flax :  it  is  afterwards  filtered  to  clear  it 
from  the  feculee  of  the  seed,  and  is  then  suffered  to  remain  in  tubs  to  precipitate  and  clarify.     The 
nearer  the  oil  becomes  colourless,  the  better  is  the  quality ;  and  this  is  greatly  promoted  by  keeping. 
Linseed  oil  will,  when  it  has  been  kept  a  year  or  two,  deposit  all  its  colouring  particles,  and  become 
nearly  as  transparent  as  water. 

8.  Drying  oils  are  made  by  mixing  red  lead,  litharge,  and  umber,  with  linseed  oil,  in  the  propor- 
tion of  half-an-ounce  of  each  to  one  pound  of  oil.     The  composition  should  be  boiled  over  a  slow 
fire,  care  being  taken  to  skim  it  from  time  to  time.     The  matter  skimmed-off,  together  with  the 
dregs,  is  a  good  dryer  for  dark  colours :  it  is  of  a  lead  colour,  and  is  often  used  in  outside-work. 
As  soon  as  this  scum  begins  to  rarify  and  become  red,  the  fire  is  lowered,  and  the  oil  being  left  at 
rest,  settles  and  clarifies.     The  method  of  ascertaining  whether  the  mixture  is  sufficiently  heated  is 
to  put  a  quill  into  it,  which  will  in  that  case  be  immediately  consumed ;  and  this  is  moreover  a  sure 
test  of  the  goodness  of  its  quality.     Linseed  oil  so  prepared  is  vended  at  the  shops  under  the  name 
of  boiled  oil,  and  the  best  description  of  painting  is  executed  therewith.* 

9.  Oil  of  turpentine— or,  as  it  is  termed  by  the  painters,  turps — is  likewise  in  general  use  for 
house  painting,  both  for  hardening  the  colour,  and  for  what  is  technically  termed  flatting.     All  the 
larch  and  fir  trees  furnish  a  resin  known  by  the  general  name  of  turpentine  ;  of  which  the  different 
kinds  are  distinguished  in  commerce  according  to  their  several  degrees  of  goodness.     The  larch  tree 
furnishes  what  is  called  Venice  turpentine,  which  is  obtained  by  being  made  to  flow  from  the  trunk 
of  the  tree  through  holes,  made  with  an  augur,  in  which  small  pipes  are  fixed  that  conduct  the  juice 
into  buckets  placed  to  receive  it.     This  turpentine  has  a  yellowish  and  limpid  colour,  a  strong 
aromatic  smell,  and  bitter  taste.     It  is  afterwards  subjected  to  the  process  of  distillation,  by  which 
it  liberates  an  oil  more  or  less  volatile  according  to  the  degree  of  heat  employed :  this  white,  limpid, 
odoriferous  oil  is  called  Essence  of  turpentine.     The  residuum  from  this  distillation  forms  the  boiled 
turpentine  of  commerce,  which  is  sold  in  shops  by  the  gallon,  in  the  same  way  as  oil.     Turpentine, 
as  well  as  oil,  improves  greatly  by  age  ;  hence  painters  in  a  large  way  of  business  always  keep  a 
considerable  stock,  which  enables  them  to  depend  on  the  work  retaining  its  colour, — a  quality  of 
the  utmost  importance  in  our  usual  practice  of  house  painting. 

10.  The  several  colours  are  prepared  for  use  by  being  ground  on  slabs  of  porphyry,  marble,  or 
other  hard  and  smooth  substances,  till  the  particles  are  reduced  to  an  extremely  fine  state,  being 
saturated  with  oil  or  water  according  as  the  colour  ground  is  to  be  used  with  the  one  or  the  other. 
Having  mixed  together  his  white  lead  and  turps,  the  workman  adds  dryers,  and  one  or  more  colours, 
according  to  the  tint  he  wishes  to  produce.     In  painting  in  distemper,  as  it  is  called,  whiting  is  used 
for  white  lead — the  colours  are  ground  in  water.     The  colours,  or  stainers,  used  by  house  painters 
may  be  thus  classed : 

*  Attempts  have  been  made  to  render  fish-oil  applicable  for  the  purposes  of  painting,  but  without  much  success,  as  it 
not  only  always  retains  a  disagreeable  smell,  but  likewise  dries  clammy. 
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Red 


Red 


Blue 


Yellow    J 


1.  Vermilion  A 

2.  Native  cinnabar 

3.  Red  lead  Colour,  red 

4.  Scarlet  ochre  j»-    tending  to 

5.  Common  Indian  red  orange 

6.  Spanish  brown 

L  7.  Terra  di  Sienna,  burnt.. 

8.  Carmine  "^ 

9.  Lake  Colour,  crim- 
10.  Rose  pink                        f-    son  tending 

I  11.  Red  ochre  to  purple 

Ll2.  Venetian  red 

13.  Ultramarine 

14.  Ditto  ashes 

15.  Prussian  blue 

16.  Verditer 

17.  Indigo 
.18.  Smalt 

'19.  Kings  yellow 

20.  Naples  yellow 

21.  Yellow  ochre 

22.  Dutch  pink 

23.  English  pink 

24.  Light  pink 

25.  Gamboge 

26.  Masticot 

27.  Common  orpiment 

28.  Gallston 

29.  Chromate  of  iron  and  lead 

30.  Terra  di  Sienna 


'31.  Verdigris 

32.  Crystals  of  verdigris 
Green      -^  33.  Prussian  green 
34.  Terra  verte 
5.  Sap  green 


Orange        36.  Orange  lake 

/^37.  True  Indian  red 
Purple     1  38.  Archil 

V39.  Logwood  wash 


,r40.  Brown  pink 

41.  Bistre 

42.  Brown  ochre 

43.  Umber 

44.  Cologne  earth 
.45.  Asphaltum 


Brown 


White 


Black 


'46.  Flake  white 

47.  White  lead 

48.  Troy  white 

_49.  Flowers  of  bismuth 


•50.  Lamp  black 

51.  Ivory  black 

52.  Blue  black 


The  foregoing  list  embraces  nearly  the  whole  of  the  colours  used  by  the  house  painter ;  and  these 
being  mixed  in  due  proportions,  will  produce  any  tint  that  may  be  required. 

1.  Vermilion  is  a  bright  scarlet  pigment,  formed  of  common  sulphur  and  quicksilver  by  a  chemical  process.     The  best 

comes  from  China.     This  colour  is  very  expensive,  and  many  imitations  of  it  are  made,  particularly  by  the 
Dutch. 

2.  Cinnabar  is  a  similar  pigment,  differing  from  vermilion  only  by  a  more  crimson  colouring. 

3   Red  lead,  or  minium,  is  lead  calcined  till  it  acquires  a  proper  degree  of  colour,  by  being  exposed  with  a  large  surface 
to  a  fire  with  a  current  of  air  passed  over  it. 

4.  Scarlet  ocfire  is  an  earth  having  a  base  of  green  vitriol,  and  is  separated  from  the  acid  of  the  vitriol  by  calcination. 

5.  Common  Indian  red  is  of  a  hue  verging  towards  scarlet.     It  is  imported  from  the  East  Indies. 

6.  Spanish  brown  is  a  native  earth,  found  in  the  state  in  which  it  is  used. 

7.  Terra  di  Sienna  is  a  native  ochre,  and  is  brought  from  Italy  in  the  state  in  which  it  is  found.     It  is  originally 

yellow,  and  is  often  used  in  that  state.     It  changes  by  calcination  to  an  orange  red,  though  not  of  a  very  bright 
tint ;  and  is  then  frequently  used  for  graining  mahogany. 

8.  Carmine  is  a  bright  crimson  colour,  and  is  formed  of  the  tinging  substance  of  cochineal  with  nitric  acid.     It  is  not 

well-calculated  to  mix  up  with  oil,  as  its  colour  changes  rapidly  by  exposure  to  the  light  and  air. 

9.  Lake  is  a  white  earthy  body,  formed  from  cuttle-fish  bone,  or  the  basis  of  alum,  or  chalk  tinged  with  some  vegetable 

dye,  such  as  is  obtained  from  cochineal  or  Brazil  wood,  taken  up  by  an  alkali,  and  precipitated  on  the  earth  by 
the  addition  of  an  acid. 

10.  Rose  pink  is  a  lake  like  the  former,  excepting  that  the  earth  or  basis  of  the  pigment  is  principally  chalk,  and  tho 

tinging  substance  is  extracted  from  Brazil  or  Campeachy  wood. 
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1 1.  Red  ochre  is  a  native  earth ;  but  that  which  is  in  common  use  is  coloured  red  by  calcination,  being  yellow  when 

dug  out  of  the  earth.  The  yellow  ochre  is  brought  chiefly  from  Oxfordshire,  where  it  is  found  in  great  abun- 
dance. 

12.  Venetian  red  is  a  native  ochre,  rather  inclining  to  scarlet. 

13.  Ultramarine  is,  when  perfect,  of  a  brilliant  blue  colour,  of  an  extremely  beautiful  and  transparent  effect  in  oil, 

retaining  this  property  with  whatever  vehicle  or  pigment  it  may  be  mixed.  As  formerly  prepared  from  lapis 
lazuli,  it  was  excessively  dear  when  good,  and  was  frequently  sold  in  an  adulterated  state ;  it  is  now,  by  an 
ingenious  chemical  process,  manufactured  at  a  comparatively  trifling  expense,  and  its  use  is  consequently  becoming 
much  more  general. 

14.  Ultramarine  ashes  are  the  residuum  or  remains  of  the  finer  ultramarine. 

15.  Prussian  blue,  a  brilliant  pigment,  is  the  fixed  sulphur  of  animal  or  vegetable  coal,  chemically  combined  with  the 

earth  of  alum. 

16.  Verditer  is  the  mixture  of  chalk  with  precipitated  copper  which  is  formed  by  adding  a  due  proportion  of  chalk 

to  the  solution  of  copper  made  by  refiners,  in  precipitating  silver  from  nitric  acid,  in  the  operation  called 
parting. 

17.  Indigo  is  a  tinging  matter  extracted  from  certain  plants.     The  indigoes  of  commerce  are  chiefly  imported  from  the 

East  Indies. 

18.  Smalt  is  glass,  coloured  with  zaffre,  and  afterwards  ground  to  a  powder. 

19.  Kings  yellow  is  a  pure  orpiment,  or  arsenic,  coloured  with  sulphur. 

20.  Naples  yellow  is  a  native  ochre,  of  a  colour  rather  inclining  to  orange.     It  stands  remarkably  well. 

21.  Yellow  ochre  is  a  mineral  earth,  which  is  found  in  many  places,  but  in  very  different  degrees  of  purity.     See 

No.  11. 

22.  Dutch  pink  is  a  pigment  formed  of  chalk  coloured  with  the  tinging  particles  of  French  berries.     This  colour  is  apt 

to  fly. 

23.  and  24.  English,  and  Light  pink  are  merely  lighter  and  coarser  kinds  of  Dutch  pink. 

25.  Gamboge  is  a  gum  brought  from  the  East  Indies.     It  is  dissolved  in  water  to  a  milky  consistence,  and  is  then  of 

a  bright  yellow  colour. 

26.  Masticot,  as  a  pigment,  is  flake  white,  or  white  lead  gently  calcined,  by  which  it  is  changed  to  a  yellow,  which 

varies  in  tint  according  to  the  degree  of  the  calcination. 

27.  Orpiment  is  a  fossil  body  of  a  yellow  colour,  composed  of  arsenic  and  sulphur,  with  a  mixture  of  lead,  and  some- 

times other  metals. 

28.  Gallstone  is  a  concretion  of  earthy  matter  formed  in  the  gall  bladders  of  beasts. 

29.  The  Chromates  of  lead  and  of  iron  are  excellent  yellow  colours,  and  much  in  use. 

30.  Terra  di  Sienna  has  been  already  noticed  under  No.  7. 

31.  Verdigris  is  an  oxide  of  copper  formed  by  a  vegetable  acid.     It  is  much  used  as  a  green  paint. 

32.  Crystals  of  verdigris  is  the  salt  produced  by  the  solution  of  copper,  or  common  verdigris,  in  vinegar. 
33  Prussian  green  is  in  composition  similar  to  the  blue  of  that  name^    See  No.  15. 

34.  Terra  verte  is  a  native  earth.     It  is  of  a  blueish  green  colour  resembling  the  tint  called  sea-green.     It  is  a  colour 

that  stands  well. 

35.  Sap  green  is  the  concreted  j  uice  of  the  buckthorn  berry. 

36.  Orange  lake  is  the  tinging  part  of  annatto,  precipitated  together  with  the  earth  of  alum. 

37.  True  Indian  red  is  a  native  ochrous  earth  of  a  purple  colour.     It  is  imported  from  the  East  Indies,  and  is  an 

excellent  and  extremely  useful  colour. 

38.  Archil,  or  Orchil,  is  a  purple  tincture  made  from  the  Lichen  Roccella. 

39.  Logwood  is  a  well-known  wood  brought  from  South  America,  and  affords  a  strong  purple  tincture. 

40.  Brown  pink  is  the  tinging  part  of  some  vegetable  of  an  orange  colour,  precipitated  on  the  earth  of  alum. 

41.  Bistre  is  a  brown  transparent  colour,  made  from  soot  boiled  and  diluted. 

42.  Brown  ochre  is  an  earth  of  a  warm  brown  or  foul  orange  colour. 

43.  Umber  is  an  ore  of  iron  of  a  blackish  brown  colour,  so  called  from  Ombria  in  Italy. 

44.  Cologne  earth  is  a  fossil  substance  of  a  dark,  blackish  brown  colour,  a  little  inclining  towards  purple. 

45.  Asphaltum  is  sometimes  used  by  painters  in  lieu  of  brown  pink. 

46.  White  flake  is  a  ceruse  prepared  with  the  acid  of  grape. 

47.  The  process  of  preparing  White  lead  has  already  been  described  in  this  section,  Art.  4. 

48.  Troy  white  is  chalk  neutralized  by  the  addition  of  water  in  which  alum  has  been  dissolved. 
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49.  Flowers  of  Bismuth  is  an  oxide  of  that  metal,  little  used. 

50.  Lamp  black  Is  the  soot  from  oil  collected  as  it  is  formed  by  burning. 

51.  Ivory  black  is  the  charcoal  of  ivory,  or  bone,  formed  by  subjecting  it  to  a  great  heat  and  excluding  all  access 

of  air. 

52.  Blue  black  is  the  coal  of  any  kind  of  wood — maple  is  the  best — burnt  in  a  close  fire,  where  the  air  can  have  no 

access. 

11.  The  tools  used  by  painters  are  few  in  number,  and  are  usually  supplied  by  the  masters  to 
the  journeymen.     They  consist  chiefly  of  brushes  made  of  hogs'  bristles,  and  sash  pencils,  or  sash 
tools,  of  different  sizes,  and  finer  hair. 

12.  The  tool  termed  the  pound  brush  is  composed  of  hogs'  bristles.     It  is  used  as  a  duster  until  the 
ends  of  the  hair  are  worn  away  and  the  brush  becomes  soft.     It  is  then  used  in  the  colour,  being 
better  adapted  to  spread  it  evenly  after  such  wear. 

13.  Ground  brushes  have  of  late  been  used,  which  are  prepared  for  the  purpose,  and  are  much 
more  convenient.     The  brushes  vary  in  size,  as  may  be  necessary  for  the  purpose  of  painting  the 
several  mouldings,  or  bars  of  sashes,  and  generally  for  picking  out  lines  intended  to  be  left  of  a 
different  tint  from  the  general  body  of  the  work. 

14.  The  pencils  are  made  of  badger's  hair,  or  any  fine  hairs,  fixed  in  quills  of  various  sizes. 

15.  The  pallet  is  made  of  either  apple  or  pear  tree,  very  thin,  but  somewhat  thicker  in  the  centre 
than  at  the  extremities.     It  is  either  of  a  square  or  oval  shape,  and  has  a  hole  near  the  edge  large 
enough  to  admit  the  thumb  by  which  it  is  held.     When  it  is  new,  it  is  well  saturated  with  oil  of 
walnuts,  and  afterwards  polished. 

16.  The  pallet-knife  is  a  thin  flexible  plate  of  steel,  rounded  at  the  end,  the  other  extremity 
being  fixed  into  a  wooden  handle. 

17.  It  is  of  great  importance  in  painting  that  the  various  vessels  and  pots  should  be  kept  clean. 
It  is  desirable  also  that  those  containing  the  colours  should  be  varnished,  as  this  prevents  their  dry- 
ing too  quickly.     Due  attention  must  likewise  be  given  to  the  grinding  and  diluting  of  the  colours, 
that  they  may  be  neither  too  thick  nor  too  thin.     In  grinding  colours,  no  more  liquid  should  be  used 
than  is  necessary  to  make  the  substance  yield  easily  to  the  mullet ;  and  no  more  colour  should  be 
mixed  than  is  necessary  for  the  work  to  be  performed  ;  for  colours  newly  mixed  are  more  vivid  and 
brilliant.     When  colours  are  ground  with  oil  of  turpentine,  and  diluted  with  varnish,  they  should  be 
applied  immediately,  as  they  dry  more  speedily  than  those  prepared  in  oil.      The  colours  thus 
prepared  possess  great  brilliancy,  but  they  require  more  skill  to  manage  them. 

18.  House  painting  is,  for  the  most  part,  executed  in  oil  colour  ;  or — when  no  gloss  is  required — 
the  colour  is  mixed  with  turpentine,  in  which  case  it  is  denominated  fatting.     In  mixing  up  the 
colours  for  oil  painting,  white  lead  forms  the  base  ;  which  is  changed  and  modified  by  the  addition 
of  coloured  substances  till  it  is  brought  to  the  tint  required.     Those  colours  that  are  prepared 
from  vegetable  bodies  produce,  when  first  used,  a  much  more  brilliant  effect  than  those  made  from 
mineral  substances ;    but  they  will  not  stand  the  combined  effects  of  air  and  light  in  the  same 
degree  ;  under  exposure  they  soon  fade  and  turn  black,  whilst  the  mineral  colours  will  remain  for  a 
long  time  unchanged. 

19.  Good  painting  is  known  by  the  solidity  and  fulness  of  its  appearance,  without  showing  any 
marks  of  the  brush.     In  no  branch  of  artificers'  work  is  there  a  greater  variety  in  the  quality,  or 
greater  deception  practised  by  unprincipled  members  of  the  trade  than  in  this.      The  several 
materials  admitting  of  easy  adulteration  are  used  of  various  degrees  cf  purity,  which  circumstance 
will  alone  account  for  the  very  low  rate  at  which  painters'  work  is  sometimes  undertaken  ;  and  though, 
to  the  eye  of  an  inexperienced  person,  work  performed  with  inferior  colours  may  at  first  present  but 
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little  difference  from  the  best  work,  yet  such  paint  is  neither  useful  in  preserving  the  work  to  which 
it  is  applied,  nor  does  it  even  retain  its  colour  for  any  length  of  time. 

20.  If  the  work  has  ever  been  previously  painted,  it  should  in  the  first  place  be  entirely  divested 
of  all  grease  :  this  may  be  effected  by  scouring  it  with  pearlash  and  sand,  which,  though  rather  an 
expensive  process,  will  be  amply  repaid  by  the  appearance  and  increased  durability  of  the  paint. 
The  pearlash  being  thoroughly  cleaned  off,  the  work  is  then  to  be  primed  and  stopped  with  putty,  which 
consists  in  filling  up  any  nail  holes  or  other  defects  in  the  surface  of  the  work  with  putty,  the 
finer  work  being  stopped  with  white  lead  putty;    any  inequalities  should  be  rubbed  down  with 
pumice-stone,  and  the  several  mouldings  thoroughly  cleaned  out.     If  any  portion  of  the  work  is 
new,  it  must  be  what  is  termed  Iroug Tit  forward,  which  consists  in  giving  it  such  a  number  of  coats 
as  to  make  it  correspond  with  the  old  work. 

If  the  work  has  not  been  painted  before,  the  first  operation  is  what  is  termed  Knotting,  which 
consists  in  covering  over  all  the  knots  in  the  wood-work  with  a  preparation  of  white  lead,  red  lead, 
and  a  little  copperas  mixed  with  oil.  Care  should  be  taken  to  perform  this  operation  effectually, 
otherwise  the  knots  will  soon  appear  through  the  paint,  and  produce  a  most  unsightly  effect.  After 
the  knotting  is  completed,  a  thin  coat  of  oil  colour,  called  the  priming,  is  to  be  laid  over  the  whole. 
The  coats  of  paint  are  then  to  be  repeated  as  often  as  may  be  considered  necessary,  which  in  new 
work  is  usually  four  times  for  wood-work.  Stucco  requires  an  additional  coat.  In  old  work,  the 
number  of  coats  must  of  course  depend  on  the  state  it  is  in  at  the  time.  Care  should  be  taken  that 
each  coat  is  laid  on  of  a  proper  consistence  :  if  too  thick,  it  will  crack.  Indeed  the  first  coat  should 
always  be  laid  on  thin,  in  order  that  the  oil  may  sink  into  the  wood  or  stucco.  In  common  work  it 
is  not  unusual  to  recommend  what  is  called  clearcole  and  finish,  which  consists  in  giving  the  work  a 
coat  of  white  lead  and  size,  to  form  the  ground,  instead  of  a  coat  of  oil  paint.  This  is  a  method,  how- 
ever, which  has  nothing  but  its  cheapness  to  recommend  it :  it  may,  perhaps,  save  the  expense  of  a 
coat  of  oil  at  the  time,  but  there  is  no  real  economy  in  the  end,  as  the  work  is  never  so  durable  or 
useful  as  a  preservative.  When  work  is  flatted,  great  care  should  be  taken  to  keep  the  colour  in  a 
wet  state  whilst  in  progress,  otherwise  it  will  dry  streaky.  In  painting  in  distemper,  it  is  a  good 
practice  to  use  oil  colours  first,  then  flatten,  and  finish  in  distemper. 

21.  Graining  is  understood  amongst  painters  to  be  the  imitating  of  the  several  different  species  of 
scarce  woods,  such  as  mahogany,  wainscot,  rose-wood,  sattin-wood,  maple-wood,  &c.,  and  likewise  of 
the  different  kinds  of  marble.    Of  late,  from  the  increased  demand  for  this  species  of  decoration,  great 
attention  has  been  given  to  the  improvement  of  this,  branch  of  the  art ;  and  some  artists  are  so 
expert  in  executing  these  kinds  of  imitations,  that  it  is  not  easy  to  distinguish  their  performances 
from  the  real  substances,  except  by  the  touch.     We  need  scarcely  add,  that  success  in  this  depart- 
ment of  house  painting  is  peculiarly  dependent  upon  the  individual  artist's  taste.     Mr.  Charles 
Moxson's  work,  entitled '  The  Grainer's  Guide,'  will  be  consulted  on  this  branch  of  decorative  painting 
with  the  greatest  advantage. 

22.  The  graining  of  wainscot  is  performed  in  the  following  manner  :  A  ground  is  first  laid  of  a 
good  warm  colour  made  of  ochre,  raw  Terra  di  Sienna,  and  umber.     The  painter  then  prepares  his 
pallet-board  with  small  quantities  of  fine  Oxford  ochre,  raw  Terra  di  Sienna,  burnt  Terra  di  Sienna, 
and  umber  ;  having  some  boiled  oil  and  oil  of  turpentine  mixed  together,  wherewith  to  saturate  the 
colours,  which  are  made  very  thin,  in  prder  that  when  applied  they  may  produce  a  transparent 
effect.     He  is  likewise  provided  with  several  kinds  of  camel  hair  pencils,  and  with  two  or  three  flat 
hogs'  hair  brushes.     When  the  colour  is  properly  mixed,  he  applies  it  over  a  pannel,  or  any  other 
small  piece  of  the  work,  to  judge  of  the  effect  of  the  tint ;  he  then  proc'eeds  first  with  the  pannels, 
and  afterwards  with  the  rails  and  styles  of  the  framing,  doors,  or  shutters,  as  the  case  may  be.     The 

a 
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flat  hogs'  hair  brush  being  dipped  in  the  mixture  of  oil  and  turpentine,  and  then  drawn  down  the 
newly  laid  colour,  occasions  the  shades  and  grainings  in  it,  which  arise  from  the  brusli  supplying 
an  excess  of  saturation  to  the  colour  it  touches.  The  mottled  appearance  is  produced  by  a  camel 
hair  pencil  dipped  in  turpentine  and  then  dusted  off.  When  the  whole  is  finished,  it  is  left  to  dry  ; 
after  which  it  is  varnished  with  a  coat  or  two  of  fine  light  copal  varnish. 

23.  The  graining  of  sattin-wood  is  performed  in  a  similar  manner,  only  the  ground  and  graining 
colour  is  prepared  of  different  colours.     The  ground  for  sattin-wood  is  usually  composed  of  ceruse 
and  Naples  yellow,  diluted  with  oil  of  turpentine  ;  the  graining  colour  of  raw  Terra  di  Sienna,  burnt 
Terra  di  Sienna,  and  a  little  Vandyke  brown. 

24.  For  mahogany,   the  ground  is  made  with  raw   Terra  di  Sienna,  burnt  Terra  di  Sienna, 
burnt  ochre,   and  yellow  ochre,   or  with  red  lead  and   Oxford  ochre  :  the  graining  colour  with 
burnt  Terra  di  Sienna,   raw  Terra  di  Sienna,   and  rose  pink,    mixed  with  beer,   which  adds  to 
the  transparency  of  the  colour.     Mahogany  should  be  varnished  at  least  twice  with  good  copal 
varnish. 

25.  For  marbling,  the  white  ground  should  be  prepared  with  white  lead  mixed  with  linseed  oil  and 
turpentine,  in  the  proportion  of  two  parts  of  the  former  to  one  of  the  latter.     The  veining  is  done 
with  a  little  blue  black,  and  a  small  quantity  of  Prussian  blue.     The  other  kinds  of  marble  are  pre- 
pared in  a  similar  manner,  with  such  colours  as  are  best  suited  to  represent  the  particular  species  of 
marble  required.     The  white  and  dove  marbles  should  not  be  varnished,  as  it  has  a  tendency  to 
increase  the  effect  of  the  change  of  the  colours.     Sienna  marble,  black,  or  porphyry,  should  be  var- 
nished with  copal  varnish  of  the  best  quality.     All  marbles  are  better  imitated  on  plaster,  stone,  or 
slate,  than  on  wood. 

26.  Ornamental  painting  embraces  the  executing  of  the  various  species  of  architectural  decoration, 
such  as  friezes,  paunels,  foliage,  &c.,  in  chiaroscuro,  or  light  and  shade,  on  walls  and  ceilings.     lu 
performing  this  description  of  work,  it  is  necessary,  in  the  first  place,  that  a  ground  be  prepared  of 
the  form  and  dimensions  the  proposed  decoration  is  to  occupy  ;  and  this  is  to  be  painted  of  the  tint 
it  is  intended  that  it  should  remain.     The  ornament  or  enrichment  to  be  executed  thereon  should  be 
marked  out  with  a  black-lead  pencil,  and  then  painted  and  shaded  to  give  it  its  due  effect.     Such 
decorations  are  sometimes  painted  on  slips  of  paper  or  Irish  linen,  and  pasted  up  afterwards  ;  but 
this  is  a  plan  by  no  means  to  be  recommended. 

27.  Some  artists,  to  facilitate  their  work,  and  when  the  ornament  is  required  in  large  quantities, 
do  it  by  the  method  termed  stencilling,  which  consists  in  drawing  out  a  certain  length  thereof  very 
accurately  on  thick  paper,  then  pricking  holes  with  a  large-sized  needle  at  regular  distances  all 
round  the  pattern,  which  is  afterward  laid  flat  against  the  wall  to  be  ornamented.     A  small  linen 
bag  containing  powdered  chalk  being  then  gently  struck  against  the  outer  surface  of  the  paper  so 
perforated,  the  powder  enters  the  apertures,  and  fixes  itself  against  the  wall,  exhibiting  the  exact 
outline  of  the  ornament,  which  the  painter  immediately  fixes  by  painting  it  on  the  wall.     By  this 
means  a  considerable  saving  of  time  is  effected. 

28.  Sometimes  painting  of  this  description  is  enriched  by  gold,  which  is  applied  after  the  ornament 
has  been  painted  in,  as  it  is  termed,  by  the  process  known  by  the  name  of  gilding  in  oil. 

29.  Within  these  few  years,  a  very  remarkable  improvement  in  decorative  house  painting  has 
begun  to  appear  ;  still,  we  rarely  see,  in  the  painting  of  dwelling  houses,  any  combination  of  colours 
that  does  not  in  some  respects  offend  against  the  laws  of  colour,  though  these  are  clearly  pointed 
out  and  established  by  the  science  of  optics.       The  unpleasant  effects  thus  frequently  produced 
may  account  for  the  prevalent  use  of  neutral  colours — as  they  are  called — in  ornamental  painting  : 
for  these  are  less  liable  to  offend  the  eye  by  their  unskilful  juxtaposition.     Young  men  intending 
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to  prosecute  this  branch  of  art  will  receive  incalculable  benefit  from  the  study  of  Mr.  Hay  s  different 
treatises,  particularly  that  on  the  laws  of  harmonious  colouring. 

30.  Inscription  writing  is  executed  by  persons  known  in  the  trade  as  letter-writers.  The  process 
consists  in  sketching  out,  with  pencil,  the  words  or  figures  required  to  be  written,  and  afterwards 
applying  colour  over  the  same  with  camels'  hair  pencils,  adding  shadows  thereto  according  as  it  may 
bo  intended  to  represent  the  inscription  raised  or  indented.  When  letters  are  intended  to  be  gilt, 
the  process  is  similar  as  to  the  sketching  out ;  but  when  the  letters  are  painted,  they  are  covered 
with  leaf  gold,  which  is  left  to  fix  itself  by  the  drying  of  the  paint  on  which  it  has  been  laid,  after 
which  a  sponge  and  water  is  used  to  clear  away  the  superfluous  gold.  The  whole  of  the  inscription 
is  then  covered  with  a  coat  of  weak  size  to  prevent  the  gold  from  tarnishing 
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PART  III. 

ON    THE    ORDERS    OF    ARCHITECTURE. 

SECTION    I. 

DEFINITIONS. 
\_Platcs  LXXXIV.—LXXXVI.-] 

What  constitutes  an  Order,  1 Egyptian  and  Greek  Orders,  2 Columns,  3 Base,  4. Capital,  5 Shaft, 

6. Entablature,  7 General  remarks  on  the  Orders,  8 — 11. 

1.  THE  moderns  have  applied  the  term  order  to  those  architectural  forms  with  which  the  Greeks 
composed  the  facades  of  their  temples.  The  principal  members  of  an  order  are,  1st,  A  platform ; 
2d,  Perpendicular  supports ;  and,  3d,  A  lintelling  or  covering  connecting  the  tops  of  these  supports, 
and  crowning  the  edifice.  The  proportioning  these  essential  parts  to  the  edifice  and  to  each  other, 
and  adapting  characteristical  decorations,  constitutes  an  order,  canon,  or  rule. 

2.  The  Egyptians  employed  all  the  principal  members  of  an  order,  and  also  in  some  instances 
adapted  very  fine  decorations,  but  they  never  varied  the  general  character, — it  continued  uniformly 
to  express  dignified  gravity.     The  Greeks,  in  the  spirit  of  freedom,  and  with  their  peculiar  facility 
of  invention,  varied  the  expressions  of  their  architecture  as  well  as  sculpture,  and  produced  three 
species  of  composition,  which  are  denominated  orders.     See  Plate  EXXXV. 

3.  The  principal  member  of  an  order,  is  the  perpendicular  support  or  column :  the  accompani- 
ments being  subservient  to  this  leading  feature.     The  bottom  of  the  column  is  placed  either  on  a 
general  artificial  platform,  or  upon  a  particular  plinth,  or  both. 

4.  The  lower  part  of  the  column,  which  rests  upon  the  square  plinth,  is  sometimes  encompassed 
with  mouldings,  which,  in  allusion  to  their  position,  are,  in  conjunction  with  the  plinth,  termed  a  lase. 

5.  The  top  part  of  the  column  is  also  covered  with  a  square  plinth,  with  its  sides  straight  or 
curved,  and  is  generally  accompanied  by  circular  mouldings,  or  sculptured  decorations,  upon  the  top 
part  of  the  column  which  is  immediately  underneath  it:  this,  taken  together,  is  called  the  capital. 
In  Plate  LXXXIV.  we  have  given  examples  of  Egyptian  capitals. 

6.  The  body  of  the  column,  which  reaches  between  the  base  and  capital,  is  termed  the  shaft :  it 
is  the  frustrum  of  a  cone,  with  sometimes  a  plain  surface,  but  frequently  having  perpendicular  flut- 
ings,  either  meeting  in  an  edge,  or  leaving  a  small  plane  space  between  them. 

7.  The  lintelling,  or  covering,  which  lies  upon  and  connects  the  columns,  is  termed  the  entabla- 
ture ;  and  is  subdivided  into  three  parts,  named  architrave,  frieze,  and  cornice.     The  architrave  con- 
sists of  a  mere  lintel  laid  along  the  tops  of  the  columns ;  the  frieze  represents  the  ends  of  the  cross 
beams  resting  upon  the  former,  and  having  the  spaces  between  filled  up,  having  also  a  moulding 
fixed  to  conceal  the  horizontal  joint,  and  divide  it  from  the  architrave  ;  and  the  upper  member,  or 
cornice,  represents  the  projecting  eaves  of  a  Greek  roof,  showing  the  ends  of  the  rafters. 
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8.  The  whole  is  distinctly  exemplified  in  the  first  Greek  or  Doric  order  ;  the  earliest  instances  of 
which  exhibit  Egyptian  character,  and  proportions  adapted  to  the  climate  and  materials  of  Greece ; 
the  column  of  the  Doric  being  as  gross,  in  proportion  to  its  height,  as  the  pillars  of  the  Thebaid ;  but 
Greece  being  subject  to  rains,  it  was  found  necessary  to  elevate  the  whole  edifice  on  an  artificial 
platform,  and  cover  it  with  a  pointed  roof,  having  projecting  eaves,  thus  constituting  features  totally 
different  from  Egyptian. 

9.  The  three  Greek  orders,  named  DORIC,  IONIC,  and  CORINTHIAN,  have  the  same  principal  members, 
and  subdivisions  ;  but  the  dimensions,  mouldings,  and  decorations,  vary  very  considerably,  as  will 
be  seen  by  the  specimens  of  each,  which  will,  in  the  course  of  this  investigation,  be  produced. 

10.  It  is  only  in  Greece,  or  in  the  territories  of  Greek  colonies,  that  pure  specimens  of  these 
orders  have  been  found.     Their  mouldings  exhibit  every  specimen  of  conic  section,  as  elliptical, 
parabolical,  hyperbolical ;  some  are  merely  champhered :  the  circle  was  seldom  employed  excepting 
in  small  cavettos  and  mouldings  of  contrary  flexures. 

11.  There  are  other  two  orders,  known  to  architects  as  the  TUSCAN  and  COMPOSITE  orders.     These 
are  supposed  to  be  of  Italian  or  Roman  origin.     See  Plate  LXXXVI. 


SECTION  II. 

MOULDINGS. 

Definitions,  1. Names  and  shapes  of  Mouldings,  2 — 12. Rules  for  describing  Mouldings,  13 — 28. 

[Plates  LXXXVI.  and  LXXXVIL] 

1.  MOULDINGS  are  prismatic  or  annular  solids,  formed  by  plain  and  curved  surfaces,  and  employed 
as  ornamental  parts  in  most  architectural  operations.     All  parallel  sections  of  straight  mouldings, 
and  all  sections  passing  through  the  axis  of  annular  mouldings,  are  equal  similar  figures.    The  forms 
of  all  mouldings  are  referred  to  a  section  at  right  angles  to  their  longitudinal  direction,  when  pris- 
matic, or  passing  through  the  axis,  if  annular ;  and  this  is  simply  denominated  the  section,  on  account 
of  its  frequent  use,  as  oblique  sections  only  occur  in  mitres.     The  names  of  mouldings  depend  upon 
their  form  and  situation.     We  have  already  given  a  few  brief  descriptions  of  the  principal  mouldings 
used  in  Joinery  work  [Part  II.  sect.  iv.  Art.  37 — 51];  but  a  more  minute  description  of  those  used 
in  architectural  work  is  here  desirable. 

2.  If  the  section  is  a  semicircle  which  projects  from  a  vertical  diameter,  the  moulding  is  called 
an  astragal,  bead,  or  torus.     If  a  torus  and  bead  be  both  employed  in  the  same  order  of  architecture, 
they  are  only  distinguished  by  the  bead  being  the  smallest.     The  tori  are  generally  employed  in 
bases,  but  the  bead  both  in  bases  and  capitals.     See  on  this,  and  the  ten  succeeding  articles,  Plate 
LXXXVI. 

3.  If  the  moulding  be  convex,  and  its  section  be  the  quarter  of  a  circle  or  less,  and  if  the  one 
extremity  project  beyond  the  other  equal  to  its  height,  and  the  projecting  side  be  more  remote  from  the 
eye  than  the  other,  it  is  termed  a  quarter  round.     This,  in  Roman  architecture,  is  always  employed 
above  the  level  of  the  eye. 

4.  If  the  section  of  a  moulding  be  concave,  but  in  all  other  respects  the  same  as  the  last,  it  is 
denominated  a  cavetto.      The  cavetto  is  never  employed  in  bases  or  capitals,  but  frequently  in 
entablatures. 

5.  If  the  section  of  a  moulding  is  partly  concave  and  partly  straight,  and  if  the  straight  part  be 
vertical  and  a  tangent  to  the  concave  part,  and  if  the  concavity  be  equal  to  or  less  than  the  quadrant 
of  a  circle,  the  moulding  is  denominated  an  apophyge,  scape,  spring,  or  conge.     It  is  used  in  the 
Ionic  and  Corinthian  orders  for  joining  the  bottom  of  the  shaft  to  the  base,  as  well  as  to  connect  the 
top  of  the  fillet  to  the  shaft  under  the  astragal. 

6.  If  the  section  be  one  part  concave  and  the  other  convex,  and  so  joined  that  they  may  have  the 
same  tangent,  the  moulding  is  named  a  cymatium ;  but  Vitruvius  calls  all  crowning  or  upper  mem- 
bers cymatiums,  whether  they  resemble  the  one  now  described  or  not. 

7.  If  the  upper  projecting  part  of  the  cymatium  be  a  concave,  it  is  called  a  cima-recta.     This 
moulding  is  generally  used  in  the  crowning  members  of  cornices,  but  seldom  found  in  other  situations. 

8.  If  the  upper  projecting  part  of  the  cymatium  be  convex,  it  is  called  a  cima-reversa,  and  is  the 
smallest  in  any  composition  of  mouldings,  its  office  being  to  separate  the  larger  members.     It  is 
seldom  used  as  a  crowning  member  of  cornices,  but  is  frequently  employed,  with  a  small  fillet  over 
it,  as  the  upper  member  of  architraves,  capitals,  and  imposts. 

x 
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9.  If  the  convex  part  of  a  moulding  recede  and  meet  a  horizontal  surface,  the  recess  formed  by 
the  convexity  and  the  horizontal  surface  is  termed  a  quirk. 

10.  If  the  section  of  the  moulding  be  a  convex  conic  section,  and  if  the  intermediate  part  of  the 
curve  project  only  a  small  distance  from  the  greatest  projecting  extremity,  and  if  the  tangent  to  the 
curve  at  the  receding  extremity  meet  a  horizontal  line  produced  forward  without  the  curve  at  the 
upper  extremity,  the  moulding  is  called  an  ovolo.     It  is  generally  employed  above  the  eye,  as  a 
crowning  member  in  the  Grecian  Doric.     Ovolos  may  be  used  in  the  same  composition  of  different 
sizes ;  it  is  sometimes  cut  into  egg  and  tongue,  or  egg  and  dart,  when  it  is  termed  echinus.     It  is 
employed  instead  of  a  torus  in  the  base  of  Lysicrates  at  Athens.     The  contour  of  ovolos  are  gen- 
erally elliptical  or  hyperbolical  curves.     These  curves  can  be  regulated  to  any  degree  of  quickness 
or  flatness  ;  the  parabola  can  also  be  drawn  under  these  conditions,  but  its  curvature  does  not  afford 
the  variety  of  change  of  the  other  two  species. 

11.  If  the  section  be  a  concave  semi-ellipse,  having  its  conjugate  diameter  such  that  the  one  may 
unite  the  extremities  of  its  projections,  and  the  other  diameter  may  be  parallel  to  the  horizon,  the 
moulding  is  termed  a  scotia.     They  are  always  employed  below  the  level  of  the  eye  ;  their  situation 
is  between  two  tori.     The  one  extremity  has  generally  a  greater  projection  than  the  other,  and  the 
greater  projection  is  nearest  to  the  level  of  the  eye. 

12.  If  the  section  of  the  moulding  be  the  two  sides  of  right  angles,  the  one  vertical,  and  the  other 
of  course  horizontal,  it  is  termed  a,  fillet,  land,  or  corona.     A  fillet  is  the  smallest  rectangular  member 
in  any  composition  of  mouldings.     Its  altitude  is  generally  equal  to  its  projection  ;  its  purpose  is  to 
separate  two  principal  members,  and  it  is  used  in  all  situations  under  such  circumstances.     The 
corona  is  the  principal  member  of  a  cornice.     The  beam  or  fascia  is  a  principal  member  in  an  archi- 
trave as  to  height,  but  its  projection  is  not  more  than  that  of  a  fillet. 

13.  In  the  following  descriptions,  the  projections  and  heights  are  always  supposed  to  be  given  in 
position  to  the  extremities  of  the  curve. 

To  describe  the  torus,  Plate  LXXXVII.  Fig.  1.  Let  a  b  be  the  vertical  diameter  whence  the 
torus  projects  ;  bisect  a  b  in  c  ;  from  c,  with  the  radius  c  a  or  c  b,  describe  the  semicircle  6  d  a, 
which  will  be  the  profile  of  the  torus. 

14.  To  describe  the  ovolo,  the  height  and  projection  being  given  Fig.  2.     First,  let  the  height 
and  the  projection  be  equal  to  each  other.     Draw  a  b  equal  to  the  height,  and  6  c  at  a  right  angle 
with,  and  equal  to,  a  b,  for  the  projection ;  then  with  the  radius  6  a  or  b  c  describe  the  arc  a  c,  whicli 
is  the  contour  of  the  ovolo.     But  if  the  projection  is  not  equal  to  the  height,  but  less,  as  in  Fig.  2, 
draw  a  b  and  b  c  forming  a  right  angle  as  before,  a  6  being  made  equal  to  the  height,  and  b  c  equal 
to  the  projection  ;  from  the  point  of  recess  a,  with  the  height  a  6,  describe  an  arc  b  d ;  and  from  the 
point  c  of  projection,  with  the  same  radius,  describe  another  arc  cutting  the  former  at  d;  lastly, 
from  d,  with  the  radius  da  or  dc,  describe  the  arc  ac,  which  is  the  contour  required. 

15.  The  methods  of  describing  the  cavetto,  Figs.  3  and  4,  are  the  same  as  that  for  describing  tlie 
ovolo,  the  one  being  the  same  as  the  other  reversed. 

16.  To  describe  the  cima-recta,  Fig.  5.     Join  the  point  of  recess  a  to  the  point  of  projection  6  by 
the  line  a  b ;  bisect  a  b  in  c,  with  the  distance  b  c  from  the  points  c  b ;  describe  the  intersection  e, 
and  from  the  points  a  c,  with  the  same  distance,  describe  the  intersection  d ;  from  d,  with  the  dis- 
tance da  or  dc,  describe  the  arc  a  c ;  and  from  e,  with  the  distance  e  b  or  e  c,  describe  the  arc  be; 
and  acb  will  be  the  contour  of  the  cima-recta  required.     If  the  curve  is  required  to  be  made  quicker, 
we  have  only  to  use  a  less  radius  than  that  of  a  c  or  c  b,  in  order  to  describe  the  two  portions  of  its 
contour. 

17.  The  same  description  applies  to  the  cima-reversa,  Fig.  6,  by  the  same  letters  of  reference. 
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18.  To  describe  the  apophyge,  Fig.  7,  the  projection  being  given.     Let  a  I  be  the  projection,  and 
a  c  «  a  line  which  it  is  required  to  touch.     Make  a  c  equal  a  b,  and  with  the  distance  a  o  or  a  6  from 
the  points  6  and  c  describe  the  intersection  d ;  from  the  point  d,  with  the  radius  d  b  or  d  c,  describe 
the  arc  6  c,  which  is  the  contour  of  the  apophyge. 

19.  To  describe  the  apophyge  so  as  to  touch  a  right  line  given  in  position  at  the  point  of  projec- 
tion, Fig.  8.     Lot  be  be  the  right  line;  and  ab  the  projection  of  the  moulding;  draw  acdfat  a 
right  angle  with  a  b ;  make  c  d  equal  to  c  b  ;  draw  6  e  perpendicular  to  6  c,  and  d  e  perpendicular  to 
c  d ;  from  the  point  e  describe  the  arc  6  d,  which  is  the  contour  of  the  moulding. 

20.  To  describe  the  scotia,  Fig.  9,  the  extremities  a  and  6  of  the  curve  being  given.     From  the 
projecting  point  b  erect  6  d  e,  and  from  the  receding  point  let  fall  age  perpendicular  to  6  c,  the 
horizontal  of  the  moulding ;  add  the  half  of  a  c  and  two-thirds  of  6  c  iuto  one  length,  which  set  from 
6  to  d;  from  the  centre  d,  with  the  distance  db,  describe  the  semicircle  bfe;  draw  the  straight  line 
eaf,  and  dg  f;  from  the  point  g,  with  the  distance  g  a  or  gf,  describe  the  arc  a/:  then  will  a  /  5 
be  the  contour  of  the  scotia  required. 

21.  To  describe  an  ovolo,  the  tangent  o  c  at  the  receding  extremity  a,  and  its  projection  at  6  being 
given,  Figs.  10  and  11.     Draw  the  vertical  line  ebd;  draw  be  parallel  to  ca,  and  ae  parallel  to 
c  6  ;  produce  ae  to  f,  making  ef  equal  to  e  a ;  divide  e  b  and  6  c  each  into  the  same  number  of  equal 
parts ;  from/,  and  through  the  points  of  division  in  a  b,  draw  right  lines ;  also  from  a,  and  through 
each  of  the  divisions  in  6  c,  draw  another  system  of  lines,  and  the  corresponding  intersections  of  each 
pair  of  lines  will  be  as  many  points  in  the  curve  as  there  are  pairs ;  then  a  curve  being  drawn 
through  the  points,  will  be  the  greater  part  of  the  contour.     The  remaining  part  6  g  may  be  found 
in  the  same  manner,  by  drawing  lines  from  a  through  the  points  in  b  e  instead  of  /,  and  drawing 
lines  from  bd  to  f,  instead  of  b  c  to  a.     The  curve  drawn  in  this  manner  is  a  portion  of  an  ellipsis, 
something  greater  than  the  quarter  of  the  whole.     The  recess  of  the  moulding  at  its  projecting 
point  is  denominated  the  quirk.     Fig.  10  is  adapted  for  entablatures;  and  Fig.  11  having  a  large 
projection,  to  capitals  of  Doric  columns,  such  as  may  be  seen  in  the  temple  of  Corinth,  and  in  the 
Doric  portico  at  Athens.     This  method,  though  easy,  gives  the  extremity  of  the  conjugate  axis, 
between  the  receding  extremity  a,  and  the  point  of  projection  b ;  but  the  following  method  gives  the 
extremity  of  the  shorter  axis,  whsre  the  tangent  commences,  at  the  receding  extremity  of  the  con- 
tour of  the  ovolo. 

22.  To  describe  the  ovolo,  supposing  the  extremity  of  the  conjugate  axis  to  be  at  the  point  of 
contact  a,  Fig.  12.     Join  a  b,  which  bisect  in  e,  and  draw  cef:  make  aflk  perpendicular  to  the 
tangent  a  c,  then  the  point  /  will  be  the  centre  of  the  ellipsis :  draw  /  h  i  parallel  to  a  c ;  take  the 
distance  /  a,  and  from  the  point  b  cross  the  line  fi  at  h ;  produce  6  h  to  I,  and  make  /  i  equal  to  6  I ; 
then  with  the  semi-  transverse  fi,  and  the  semi-conjugate  fa,  describe  an  ellipsis,  and  the  portion  of 
the  curve  contained  between  the  extremities  a  and  g,  will  be  the  contour  of  the  moulding  required. 
This  method  is  recommended  as  producing  the  most  graceful  form  of  an  ovolo,  as  the  lower  extremity 
of  the  curve  begins  at  the  point  of  contact.     From  the  large  projection  here  given,  the  moulding  is 
adapted  to  Doric  columns. 

23.  To  describe  the  hyperbolical  ovolo,  as  used  in  Doric  capitals,  the  same  things  being  given  as 
before,  Fig.  13.     Erect  a  d  efg  perpendicular  to  the  horizon,  and  draw  c  d  and  6  e  at  right  angles 
to  adefg  :  make  eg  equal  to  a  e,  and  ef  equal  to  ad;  join  bf,  divide  bf  and  be  into  the  same 
number  of  equal  parts,  and  draw  lines  from  g  through  the  divisions  of  bf,  also  lines  from  a  through 
the  divisions  of  b  c :  each  corresponding  pair  meeting  as  before  will  give  the  points  in  the  curve  of 
the  hyperbolical  moulding.     This  is  the  general  form  of  the  ovolos  in  the  capitals  of  the  Greciau 
Doric. 
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24.  To  describe  a  scotia,  Fig.  14.     Join  the  extremities  a  and  6  of  the  moulding ;  bisect  a  6  in  c ; 
draw  e  c  d  parallel  to  the  horizon ;  make  c  d  equal  to  the  recess  of  the  curve,  and  c  e  equal  to  c  d ; 
then  with  the  conjugate  diameters  a  6  and  e  d  describe  the  curve  a  d  b,  which  will  be  the  contour  of 
the  moulding  required. 

25.  Fig.  15  represents  the  form  of  the  annulets  as  applied  in  Fig.  13,  where  the  receding  parts 
are  in  the  tangent  at  the  bottom  of  the  curve  of  the  ovolo. 

26.  Fig.  16  represents  another  kind  of  annulet,  which  has  a  vertical  position.     This  form  is  only 
to  be  found  in  the  Doric  portico  at  Athens. 

27.  Fig.  17  represents  a  curious  Grecian  moulding,  to  be  found  under  coronas. 

28.  Sir  William  Chambers  observes  that  all  these  different  mouldings  have  a  definite  use  and 
propriety  in  correct  architectural  practice ;  and  that,  on  examining  the  best  remains  of  ancient 
architecture,  we  find  that,  in  all  their  profiles,  the  cima  and  cavetto  are  never  employed  where 
strength  is  required,  but  only  as  finishings  ;  while  the  ovolo  and  talon  are  always  employed  as  sup- 
porters to  the  essential  members  of  the  composition ;  and  the  chief  use  of  the  torus  and  astragal  is 
to  fortify  the  tops  and  bottoms  of  columns,  and  sometimes  of  pedestals.     The  same  authority,  there- 
fore, considers  Palladio  to  have  erred  when  he  employed  the  cavetto  under  the  corona,  and  used  the 
cima  so  frequently  as  a  supporting  member ;  and  Vignola  to  have  been  equally  in  fault  when  he 
finished  his  Tuscan  cornice  with  an  ovolo,  which  gives  a  mutilated  air  to  the  whole  profile,  "  as  it 
resembles  exactly  that  half  of  the  Ionic  cornice  which  is  under  the  corona." 
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OF  DESIGNING  COLUMNS. 

To  diminish  the  shaft  of  a  column,  1 To  give  less  swell  to  a  column,  2. To  describe  the  flutes  of  a  column 

without  fillets,  3 To  describe  flutes  with  fillets  on  the  shaft  of  a  column,  4. 

[Plate  LXXXVIII.~\ 

1.  To  diminish  the  shaft  of  a  column,  Plate  LXXXVIII.,   Fig.  1.     Let  AB  be  the  altitude  of  the 
column,  and  BC  the  diminution  at  the  upper  end  of  the  shaft ;  divide  AB  into  any  number  of  equal 
parts,  and  divide  the  projection  BC  into  the  same  number ;  draw  the  lines  16,  2d,  3c,  &c.,  at  right 
angles  to  the  altitude ;  and  draw  other  lines  from  the  points  1,  2,  3,  &c.,  in  BC  towards  A,  to  inter- 
sect with  the  former  parallel  lines  at  the  respective  points  b,  c,  d;  then  A  bcdefC,  will  be  the 
curve  line  of  the  section  of  the  column. 

2.  But  suppose  it  were  required  to  give  less  swell  to  the  column  as  in  Fig.  2.     Divide  AB  as  before, 
and  DC  into  two  equal  parts  at  D;  divide  DC  into  as  many  equal  parts  as  AB  ;  then  proceed  as  in 
Fig.  1.     Or  thus  :  suppose  EF  to  be  the  axis  of  the  column,  EG,  EA  the  semi-diameters  at  the 
bottom,  and  FN,  FC  the  semi-diameters  at  the  top ;  on  AG,  as  a  chord,  describe  the  segment 
AOPG  of  a  circle,  proportionably  less  than  a  semicircle,  as  the  swell  is  intended  to  be  less  ;  draw 
NP  parallel  to  FE  ;  divide  the  arc  GP  into  any  number  of  equal  parts,  and  divide  the  altitude  EF 
into  the  same  number  of  equal  parts  :  through  the  points  of  division  draw  the  lines  ah,  bi,  ck,  dl, 
i  m,  parallel  to  AG  ;  also  draw  G  1  h,  2  i,  3  Ic,  4 1,  5  m,  PN,  perpendicular  to  A  ;  then  through  the 
points  G,  h,  i,  k,  I,  m,  N,  draw  a  curve,  which  will  be  the  contour  required. 

3.  To  describe  the  flutes  of  a  column  without  ftllets,  Fig.  3.     Let  AB,  No.  1,  be  the  diameter,  which 
bisect  in  G  ;  draw  AD  and  BC  perpendicular  to  AB,  and  describe  the  semicircle  AEFB  ;  draw  DC 
to  touch  the  circle,  and  DEG  and  CFG  to  the  centre  G  ;  divide  the  arc  EF  into  five  equal  parts, 
and  run  the  same  part  on  the  arcs  EA  and  FB,  so  that  the  whole  will  be  divided  into  nine  equal 
parts,  and  two  half  parts  at  each  extremity  ;  then  the  points  of  division  will  mark  the  arris  of  the 
flutes.     Their  concavity  will  be  found  by  an  arc  described  from  the  summit  of  an  equilateral  triangle. 
The  fluting  at  the  upper  end  of  the  shaft,  shown  in  the  concentric  circle,  is  described  in  the  same 
manner.     No.  2  represents  the  bottom  elevation,  and  No.  3  the  top  elevation  of  the  shaft,  as  drawn 
from  the  section. 

4.  To  describe  flutes  with  fillets  on  the  shaft  of  a  column,  Fig.  4.     Supposing  every  thing  is  done  as 
in  Fig.  3,  before  the  division  of  the  circle.     Divide  EF  into  six  equal  parts,  and  run  the  chord  upon 
the  arcs  E  A  and  FB,  each  of  which  will  contain  it  three  times,  so  that  the  whole  semi-circumference 
will  be  divided  into  twelve  equal  parts,  the  points  of  division  marking  the  centres  of  the  flutes  : 
divide  the  chord  of  one  of  these  small  arcs  into  five  equal  parts  ;  then  with  three  of  these  parts  as  a 
radius,  from  each  of  the  aforesaid  centres  describe  a  semicircle,  which  will  be  that  representing  the 
section  of  the  flute.     Those  of  the  interior  circle  representing  the  top  of  the  shaft,  are  found  by 
drawing  the  lines  to  the  centre,  as  appears  sufficiently  by  the  figure.     No.  2,  the  elevation  of  the 
fluting  at  the  bottom  of  the  shaft,  as  in  the  temple  of  Vesta  at  Rome.     No.  3,  the  elevation  of  the 
fluting,  as  in  the  temple  of  Bacchus  at  Teos.     Nos.  4  and  5,  the  common  way  in  which  the  flutings 
of  columns  are  terminated  at  the  bottom  and  top  of  the  shaft. 
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OF   THE  DORIC   ORDER. 

Shaft  and  capital,   1 Architrave,  2. Frieze,  3 Cornice,  4. Tables  of  comparative  proportions,  6. 

Observations  thereon,  6 — 10. Table  of  columnar  proportions,   11 — 14 Proportions  established,   15,  18 

Roman  Doric,  17. 

[Plata  LXXXV.,  LXXXIX.,  and  XC.] 

1.  THIS  is  the  most  ancient  of  the  three  orders,  and,  while  employed  by  the  Greeks,  was  without 
a  base.     The  surface  of  its  shaft  is  usually  found  worked  into  twenty  very  flat  flutes,  meeting  each 
other  at  an  edge,  which  is  sometimes  a  little  rounded.     The  upper  member  of  the  capital  is  a  square 
abacus  or  thin  plinth,  under  which  is  a  large  and  elegantly  formed  ovolo,  with  a  great  projection  ; 
immediately  under  the  ovolo,  there  are  three  fillets  or  annulets  which  project  from  the  continued 
line  of  the  under  part  of  the  ovolo,  and  have  equally  recessed  spaces  betwixt  them  ;  the  flutings  of 
the  column  are  terminated  by  the  under  side  of  the  last  of  these  fillets,  and  either  partly  01  entirely 
in  a  plain  surface  at  right  angles  with  the  axis  of  the  column. 

2.  The  architrave  is  composed  of  one  vertical  face,  with  a  band  or  fillet  at  its  upper  edge  ;  to  the 
under  side  of  this  band  are  suspended  a  small  fillet  and  conical  drops  or  guttae,  which,  for  their 
position,  are  dependent  upon  the  ordnance  of  the  frieze. 

3.  The  frieze  consists  of  rectangular  projections  and  recesses  placed  alternately.     The  height  o 
each  projection  or  tablet  is  rather  more  than  its  breadth.     The  recesses  are  either  perfectly  or  nearly 
square.     The  tablets  are  each  cut  vertically  into  two  angular  channels,  with  two  half  ones  on  th 
extreme  edges  ;  each  channel  is  formed  by  two  planes  meeting  at  its  bottom  at  a  right  angle,  am 
each  forming  an  angle  of  135  degrees  with  the  face  of  the  tablet.     The  upper  ends  of  the  channel* 
are  terminated  in  various  forms ;  the  tablets  are,  from  their  channellings,  named  triglyphs.     In  a 
direction  immediately  under  each  triglyph,  and  equal  to  its  breadth,  a  small  fillet  is  attached  to  the 
lower  side  of  the  architrave  crowning  band,  and  from  it  depend  six  guttce  or  drops,  which  are  gen- 
erally the  frusta  of  cones  with  their  bases  downwards,  though  they  are  sometimes  of  a  cylindrical 
shape.     The  square  spaces  in  the  frieze  between  the  triglyphs,  are  named  metopes,  and  are  frequently 
decorated  with  sculptures. 

4.  The  cornice  is  strongly  marked  by  a  corona  of  great  projection,  forming  a  very  distinct  separa- 
tion between  its  upper  and  lower  parts  ;  and  by  having,  below  the  corona,  and  immediately  over  the 
triglyphs,  blocks  named  mutules,  which  also  project  considerably,  and  have  the  plane  of  their  soffits 
with  an  inclination  from  their  roofs  towards  the  horizon,  and  these  have  likewise  guttse  or  drops 
depending  from  their  sofiits. 

5.  That  the  proportions  which  the  different  members  of  the  Doric  order  bore  to  each  other  were 
practised  by  the  Greeks  with  considerable  latitude,  will  be  evident  from  the  following  Tables,  which 
exhibit  the  dimensions  of  the  principal  parts  of  this  order  in  all  the  ancient  Greek  edifices  which 
have  been  examined  with  accuracy.     The  dimensions  here  put  down  are  in  feet,  inches,  and  decimal 
parts. 
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No.  I. — DIMENSIONS  or  COLUMNS. 


OF  THE  SHAFT. 


CAPITAI. 


NAMES  OF  EDIFICES. 

Diameters. 

Heights. 

Bottom. 

Top. 

Temple  of  Jupiter  Panellenms  at  jKgina, 

15 

9.55 

3      2.6 

2 

4.65 

17 

4.25 

3      26 

2 

4.65 

Temple  of  Theseus,     ..... 

18 

8.6 

3      3.65 

2 

6.63 

Portico  of  Philip  king  of  Macedon, 

19 

4.0 

2     11.5 

2 

5.3 

Temple  of  Minerva  at  Sunium,    . 

19 

9.150 

3      4.2 

2 

6.65 

Hexastyle  temple  at  PiBstum, 

20 

4.25 

4      2.93 

3 

0.52 

Eniieastyle  temple  at    do., 

21 

0.0 

4      9.75 

3 

2.0 

Temple  of  Juno  Lucina  at  Agrigentum, 

21 

2.0 

4      6.1 

3 

4.875 

Temple  of  Concord  at                do., 

22 

0.75 

4       7.7 

3 

6.75 

Temple  of  Corinth, 

23 

8.575 

5     10.0 

4 

4.1 

Doric  portico  at  Athens,      .... 

26 

2.5 

4      405 

3 

4.6 

Temple  of  Minerva  at  Syracuse,  peristyle. 

28 

8.0 

6      6.04 

5 

0.5 

Lesser  hexastyle  temple  at  Silenus, 

. 

6      6.9 

4 

1.9 

Propylea  at  Athens,         .... 

28 

9.85 

. 

3 

11.0 

Hypetbral  temple  at  Paestum, 

28 

11.42 

7      0.03 

4 

98 

Temple  of  Minerva  at  Syracuse,  Pronaos, 

31 

0.75 

6      9.3 

5 

2.0 

Greater  hexastyle  temple  at  Silenus,     . 

32 

8.13 

7       5.9 

5 

0.2 

Temple  of  Jupiter  Nemeus, 

33 

11.2 

5      25 

4 

3.0 

Parthenon  at  Athens,            .... 

34 

2.8 

6       1.8 

4 

9.75 

Octostyle  hypethral  temple  at  Silenus,     . 

48 

7.0 

10       7.5 

6 

3.6 

Temple  of  Jupiter  Olympus  at  Agrigentum, 

* 

* 

*          * 

9 

11.5 

No.  II.- 

-HEIGHTS  OF 

ENTABLATURE. 

NAMES  OF  EDIFICES. 

Architrave. 

Frieze. 

Temple  of  Jupiter  Panelleiiius  at  JEginn, 

. 

2      9.05 

2 

9.1 

2      9.05 

2 

9.1 

Temple  of  Theseus,           .... 

2      8.9 

2 

8.55 

1     10.7 

2 

4.9 

Temple  of  Suiiium,    ..... 

2      8.45 

2 

8.45 

3      2.625 

3 

2.0 

Enneastyle  temple  at     do.. 

3      9.75 

3 

4.0 

Temple  of  Juno  Lucina  at  Agrigentum, 

4      1.75 

3 

4.25 

Temple  of  Concord  at               do.,    . 

3       7.375 

3 

6.95 

4      8.75 

* 

* 

Doric  portico  at  Athens,    .... 

. 

. 

2     10.6 

3 

0.7 

3      9.0 

3 

9.85 

Hypethral  temple  of  Paestum,     . 

. 

. 

4     11.25 

4 

8.8 

Parthenon  at  Athens,     . 

• 

. 

•»      5.1 

4 

5.05 

Temple  of  Jupiter  Olympus  at  Agrigentum, 

...... 

. 

10      4.18 

10 

2.5 

6.7 

6.7 

7.9 

0.0 

2.966 

4.75 

483 

3.125 
4.375 


3  5  325 

2  665 

3  10.17 
3  35 

3  8.08 

2  9.9 

4  9.5 
8  2.5 


Cornice. 


3.9 

0.45 

2.8 

0.6 

9.0 


1  11.25 

*  * 

1  6.40 

2  6.0 

3  as 


6.  In  the  temples  of  Jupiter  Panellenius  at  ^Egina,  Theseus  at  Athens,  Minerva  at  Sunium, 
Jupiter  Nemeus  between  Argos  and  Corinth,  the  cornice  has  lost  the  ovolo  or  crowning  member,  the 
dimensions  in  the  table  are  therefore  taken  without  it ;  the  temple  of  Minerva  Parthenon  at  Athens 
is  the  only  ancient  Greek  edifice  in  which  this  member  exists,  and  in  this  instance  the  lower  extremity 
is  recessed  within  the  fillet  which  is  immediately  under  it.  Those  parts  marked  with  a  star  in  the 
table  ar«  totally  gone.  The  crowning  member  of  the  cornice  of  the  portico  of  Philip  king  of  Macedon 
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is  a  cima  recta,  having  its  lower  extremity  also  recessed  within  the  fillet  which  is  below  it.  The 
cornice  of  the  hexastyle  temple  of  Psestum  is  crowned  with  a  cavetto.  Being  a  singular  circum- 
stance in  the  Greek  Doric,  it  leads  to  a  suspicion  that  it  may  have  been  added  in  some  subsequent 
repair. 

7.  From  consulting  these  Tables,  it  will  be  seen,  that  in  the  best  examples,  the  height  of  the 
architrave  and  frieze  are  nearly  equal ;  in  the  temple  of  Sunium  they  are  precisely  so.     The  only 
exception  of  consequence  is  in  the  temple  of  Juno  Lucina  at  Agrigentum,  where  the  architrave 
exceeds  the  frieze  94  inches :  in  no  other  instance  is  the  difference  at  all  material,  and  any  that  does 
exist  has  most  probably  arisen  from  the  impracticability  of  procuring  so  many  marbles  of  the  same 
dimensions.     In  comparing  the  tabular  dimensions,  it  is  to  be  observed,  that  the  band  or  capital  of 
the  triglyph  is  included  in  the  height  of  that  member.     This,  in  Stuart's  '  Athens  '  and  the  '  Ionian 
Antiquities,"  projects  only  in  front,  but  never  returns  upon  the  flanks  but  at  the  external  angle  of 
the  edifice.     With  the  exception  of  the  Doric  portico  and  the  temple  of  Jupiter  Nemeus,  where  the 
heads  of  the  glyphs  are  terminated  by  planes  parallel  with  the  horizon,  the  middle  part  of  the  heads, 
in  all  the  purest  examples,  is  a  horizontal  plane,  and  the  surface  of  the  sides  cylindrical,  so  as  to 
form  a  tangent  with  the  intermediate  plane,  and  likewise  the  arc  on  the  face  a  tangent  with  the 
intersection  of  each  vertical  plane  of  the  glyph.     Each  semi-glyph  is  terminated  by  two  semi- 
cjlindrical  surfaces,  the  axis  of  each  cylinder  being  perpendicular  to  each  return  of  the  glyph,  and 
thereby  forming  a  semi-cylindric  groin,  and  a  pendent  with  each  angle  above  the  semi-glyph.     The 
general  height  of  the  epistyle  or  architrave  is  equal  to  the  superior  diameter  of  the  column,  though 
in  some  cases  a  little  more  or  less  ;  the  height  of  the  zophorus  or  frieze  is  equal  to  that  of  the 
epistyle  ;  the  mean  breadth  of  the  triglyph  tablet  is  equal  to  half  the  inferior  diameter  of  the  column ; 
the  mean  height  of  the  cornice  is  half  the  diameter ;  so  that  the  architrave,  frieze,  and  cornice,  are 
respectively  to  each  other  as  the  numbers  3,  3,  and  2.     If  the  whole  entablature  is  divided  into  8, 
the  breadth  of  the  triglyph  is  two  of  these  parts. 

8.  In  all  examples  of  this  order,  except  the  temple  of  Apollo  at  Delos,  the  hexastyle  temple  at 
Psestum,  the  portico  of  Philip  king  of  Macedon,  and  the  Doric  portico  at  Athens,  the  face  of  the 
triglyph  tablet,  and  that  of  the  epistyle  or  architrave,  are  in  one  vertical  plane  ;  so  that  the  fillet 
named  regula,  and  the  gutta  under  the  cup  of  the  epistyle,  being  regulated  by  the  breadth  of  the 
triglyph,  will,  at  each  external  angle,  only  touch  at  their  internal  points,  and  leave  a  void  space  at 
the  external  angle  of  the  epistyle  cups.     This  is  exemplified  in  the  temples  of  Minerva,  Theseus,  and 
the  propylea  at  Athens ;  the  temple  of  Minerva  at  Sunium ;  Jupiter  Nemeus,  Jupiter  Panellenius, 
Minerva  at   Syracuse  ;   Concord  at  Agrigentum  ;  the  hypethral  temple  at  Psestum,   and  also  of 
Silenus  and  Jupiter  at  the  same  place.     And  where  the  face  of  the  epistyle,  and  that  of  the  triglyph 
tablet,  are  in  one  vertical  plane,  the  guttse  will  be  six  in  number  under  each  regula,  at  every  external 
angle  or  return,  that  is,  making  twelve  on  the  two  sides.     In  the  Doric  portico  at  Athens,  the  temple 
of  Apollo  at  Delos,  and  the  hexastyle  temple  at  Psestum,  the  face  of  the  metopes  and  that  of  the 
epistyle  are  in  one  vertical  plane.     The  triglyphs,  regula,  and  guttse,  project  from  the  plane  of  the 
epistyle,  and  at  the  returns  meet  at  the  external  angles  ;  and  though  the  guttse  appear  six  on  each 
face,  yet  the  guttse  at  the  angle  being  common  to  both  faces,  the  whole  make  only  eleven. 

9.  In  the  cornice,  the  corona  forms  the  most  prominent  feature  in,  the  temple  of  Concord  at 
Agrigentum,  and  of  Jupiter  at  Silenus.     Instead  of  having  the  crowning  ovolo,  the  cornice  termi- 
nates with  a  face  receding  within  the  corona.     This  is  so  contrary  to  usual  practice  and  propriety, 
that  we  are  led  to  suspect,  that  a  defect  in  the  stones,  which  formed  the  upper  division  of  the  cornice, 
may  have  been  supplied  by  having  an  ovolo  fixed  in  this  recess.     In  every  specimen  of  pure  Doric, 
the  cornice  has  mutules.     In  examples  to  be  found  in  Sicily,  the  drops  from  the  soffit  of  the  mutules, 
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are  cylinders  of  greater  height  than  diameter  ;  but  in  all  the  best  examples,  they  are  not  more  than 
half  their  diameter  in  height,  and  in  some  instances  considerably  less.  In  the  temple  of  Theseus, 
the  drops  are  frustums  of  cones  ;  but,  in  the  same  specimens,  those  under  the  regula  upon  the  epi- 
style have  both  a  concave  and  convex  flexure. 

10.  The  hexastyle  temple  at  Ptestum,  instead  of  mutules,  lias  the  soffit  formed  into  coffers  ;  but, 
in  this  specimen,  it  is  only  the  capital  and  triglyphs  which  bear  any  affinity  to  the  Greek  Doric  : 
and  even  on  the  capital,  in  place  of  annulets,  there  is  a  row  of  delicate  leaves  crushed  together 
between  two  astragals ;  and  the  triglyph  being  placed  at  the  returning  angle,  they  are  over  the 
centre  of  the  columns  ;  so  that  this  specimen  partakes  more  of  the  degenerate  Roman  than  the  pure 
Greek. 

11.  Having  investigated  what  relates  to  the  primary  and  secondary  divisions  of  this  order,  and 
also  noted  the  positions  and  relative  proportions  of  the  leading  features,  we  shall  add  a  farther  state- 
ment respecting  its  columns,  founded  upon  Table  No.  I.     In  this  additional  Table,  the  diameter  at 
the  base  is  considered  the  same  in  all,  viz.  unity.     The  whole  numbers  represent  diameters.     The 
figures  to  the  right  hand  of  the  point  are  decimal  parts  of  the  diameter.     The  examples  are  arranged 
increasing  in  altitude. 

No.  III. 

NAMES  OP  Emp.CE,.  Diameters.  Top  of  Shaft. 

Temple  of  Corinth,            ......  4.065  .73 

Hypethral  temple  at  Pffistum,             .             .             .             .             .4.134  .687 

Enneastyle    do.            do,            .....  4.329  .661 

Greater  hexastyle  do.  at  Selinus,       .....  4.361  .769 

Temple  of  Minerva  at  Syracuse,                ....  4.410  .762 

Octostyle  hypethral  temple  at  Selinus,          ....  4.572  .592 

Temple  of  Juno  Lucina  at  Agrigentum,               .            .            .  4.605  .755 

Temple  of  Concord  at  Agrigentum,               ....  4.753  .767 

Hexastyle  temple  at  Paestum,        .....  4.795  .717 

Temple  of  Jupiter  Panellenius,          .....  5.397  .742 

Temple  of  Minerva  at  Athens,      .....  5.566  .782 

Temple  of  Theseus,        do.,              .....  5  669  .772 

Temple  of  Minerva  at  Sunium,     .....  5.899  .762 

Temple  of  Apollo  in  the  Island  of  Delos,      ....  5.931  .754 

Doric  portico  at  Athens,              .....  6.042  .780 

Temple  of  Jupiter  Nemeus,               .....  6.515  .816 

Portico  of  Philip  king  of  Macedon,           ....  6.535  .825 

12.  From  this  Table  it  is  evident,  that  the  ancients  did  not  scrupulously  adhere  to  any  precise 
proportions  in  their  columns  for  different  edifices  ;  but  not  knowing  the  dates  of  the  construction  of 
the  several  specimens,  we  are  unable  to  determine  whether  these  differences  existed  at  the  same  time, 
or  succeeded  each  other  in  consequence  of  a  change  of  taste.     It  may  also  be  observed,  that,  of 
seventeen  examples,  the  upper  diameters  of  six  are  less  than  three-fourths,  and  eleven  greater.     The 
diminution  of  the  superior  diameter  in  the  temple  of  Theseus  is  .772,  which  is  something  less  than  a 
mean  between  three-fourths  and  four-fifths:  the  half  sum  of  these  fractions  being  .775.      This 
example  of  the  temple  of  Theseus  is  one  of  the  best  of  the  Greek  Doric,  and  may  be  taken  as  a  rule ; 
or  in  practice,  to  make  the  superior  diameter  three-fourths  of  the  inferior,  is  still  more  simple,  and 
sufficiently  correct. 

13.  In  every  Greek  Doric,  the  vertical  face  of  the  epistyle  or  architrave  projects  beyond  the  supe- 
rior diameter,  but  is  within  the  inferior  one. 

Y 
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14.  In  the  temple  of  Theseus,  the  height  of  the  abacus  is  nearly  one-fifth  of  the  diameter,  and  the 
ovolo  and  annulets  together  are  very  nearly  equal  to  the  abacus.     The  height  of  the  annulets  is  very 
nearly  one-fifth  of  the  ovolo.     The  horizontal  dimension  of  the  abacus  extends,  on  each  side,  very 
nearly  six  times  its  height.     The  neck  of  the  capital  is  nearly  half  the  height  of  the  annulets.     In 
the  temple  of  Corinth,  and  the  Doric  portico  at  Athens,  the  ovolo  or  echinus  is  of  an  elliptical  shape ; 
but  in  every  other  instance  of  Greek  capitals  it  is  hyperbolical,  excepting  the  single  instance  of 
the  portico  of  Philip  king  of  Macedon. 

15.  From  the  preceding  dimensions  and  observations,  we  establish  the  following  proportions  for 
the  construction  of  the  Doric  order :  Considering  the  diameter  that  of  a  circle,  at  the  lower  end  of  a 
shaft  the  column  is  six  diameters  in  height.     The  thickness  of  the  upper  end  of  the  shaft  is  three- 
fourths  of  the  lower,  or  it  diminishes  one-fourth  of  the  diameter.     The  height  of  the  capital  is  half 
a  diameter.     That  of  the  ovolo,  with  the  annulets,  and  that  of  the  abacus,  are  each  one-quarter  of 
the  upper  diameter.     The  annulets  are  one-fifth  of  one  of  the  parts.     The  horizontal  dimension  of 
each  face  of  the  abacus  is  six  times  its  height.     The  entablature  is  divided  into  four  equal  parts  ; 
the  upper  one  is  the  height  of  the  cornice ;  the  remaining  are  divided  equally  between  the  architrave 
and  frieze.     The  inner  edge  of  the  angular  triglyph  is  placed  in  a  vertical  line  with  the  axis  of  the 
column.     The  height  of  the  triglyph  is  divided  into  five  equal  parts  ;  three  of  these  parts  give  the 
distance  of  its  returning  face,  and  determine  also  that  of  the  epistyle,  and  consequently  include  the 
breadth  of  the  triglyph.     The  height  of  the  capital  of  the  triglyph  is  one-seventh  of  its  whole  height, 
and  the  capital  of  the  metope  one-ninth.     The  breadth  of  the  triglyph  is  divided  into  nine  equal 
parts,  giving  two  to  each  glyph,  one  to  each  semi-glyph,  and  one  to  each  of  the  three  inter-glyphs. 
The  metopes  are  square.     The  height  of  the  cornice  is  divided  into  five  equal  parts ;  the  lower  is 
given  to  the  fillet,  the  mutule,  and  drops ;  the  next  two  to  the  corona ;  and  the  remaining  two  parts 
are  subdivided  and  disposed  amongst  the  several  members.     The  projection  of  the  cornice  is  equal 
to  its  height ;  it  is  divided  into  four  equal  parts,  giving  three  to  the  projection  of  the  corona.     The 
number  of  annulets  in  the  capital  vary  from  three  to  five  ;  and  the  number  of  horizontal  grooves, 
which  separate  the  shaft  from  the  capital,  vary  from  one  to  three. — In  Plate  LXXXIX.  are  shown 
the  proportions  of  the  Doric  order  as  used  in  the  Parthenon  at  Athens :  viz.  Section  through  the 
entablature ;  Plan  of  the  soffit  of  the  corona ;  Columns  showing  the  proportion  in  modules  and 
minutes  ;  Capital  of  Antse  ;  The  same  on  a  large  scale  ;  and  Section  through  the  annulets  of  the 
capital  of  the  column. 

16.  In  the  application  of  the  Doric  order  to  temples,  the  shafts  of  the  columns  are  generally  placed 
upon  three  steps,  which  are  not  proportioned  like  these  in  a  common  stair,  but  to  the  magnitude  of 
the  edifice. 

17.  The  best  example  of  Roman  practice  is  that  taken  from  the  theatre  of  Marcellus,  by  Sir 
W.  Chambers,  of  which  we  have  given  the  sections  in  Plate  XC. 


SECTION   V. 

OF  THE  IONIC  ORDER. 

General  remarks,  1. Origin  of  capital,  2 Temple  of  the  Muses,  3. Temple  of  Minerva  Polias,  4. Cornice, 

5. Frieze,  6. Asiatic  Ionic  cornice  and  frieze,  7. Column,  8 Base,  9 Volute,  10 — 13. Flutes,  14. 

Description  of  Plates,  15. General  proportions,  16. 

[Plates  XC.—XCVII.'] 

1.  ALTHOUGH,  in  the  Ionic,  the  primary  division,  into  columns  and  entablature,  and  the  secondary, 
of  shaft,  capital,  architrave,  frieze,  and  cornice,  remained  the  same,  yet  the  omission  of  some  of  the 
principal  subdivisions  of  those  parts,  and  the  introduction  of  others  entirely  new,  as  well  as  the 
greater  degree  of  delicacy  in  all,  distinguishes  this  sufficiently  from  the  Doric  order,  and  establishes 
its  claim  as  a  distinct  order  or  canon  of  Greek  architecture. 

2.  The  Ionian  Greeks  having  become  wealthy,  and  being,  no  doubt,  influenced  by  the  manners  of 
their  Asiatic  neighbours,  refined  upon  the  simplicity  of  Attic  architecture,  and  invented  a  capital 
totally  different  from  that  employed  in  the  mother  country.     Its  origin  is,  however,  problematical. 
Vitruvius  reports  it  to  have  been  made  in  representation  of  the  curls  in  the  head-dress  of  females  ; 
but  other  hints  arc  quite  as  probable,  as  the  spiral  shape  of  the  horns  of  rams,  used  in  their  sacrifices ; 
or  that  assumed  by  the  barks  of  some  trees,  when  dried  in  the  sun  ;  or  that  of  certain  delicate 
vegetables,  such  as  the  slender  fern,  before  it  is  quite  unfolded  ;  or  the  beautiful  spiral  forms  of 
various  sea-shells,  any  of  which  are  sufficient  to  guide  the  fancy  of  an  ingenious  artist  in  composing 
the  volutes  of  the  capital  of  Ionia.     In  the  architrave  and  frieze,  all  appearances  of  triglyphs  and 
guttse  are  omitted  ;  and  in  the  cornice,  instead  of  the  bold  mutules  of  the  Doric,  the  ends  of  smaller 
pieces  of  wood,  to  which  the  covering  tiles  were  fixed,  are  represented  by  what  are  termed  dentils  or 
teeth.     This  order  also  differed  from  the  Doric,  by  having  a  base  at  the  lower  extremity  of  the  shaft ; 
the  propriety  of  this  might  have  arisen  from  the  diameter  of  the  shaft  being  much  less  than  that  of 
the  Doric,  in  proportion  to  the  height  of  the  order,  or  the  weight  it  had  to  sustain. 

3.  The  rest  of  the  Ionic  order  is  not  so  precisely  defined,  or  so  uniformly  adhered  to,  as  similar 
parts  in  the  Doric.     The  Temple  of  the  Muses,  on  the  Ilyssus,  is  composed  of  few,  but  very  distinct 
and  bold  parts.     The  height  of  the  volutes  is  three-fifths,  and  that  of  the  whole  capital  two-thirds  of 
the  diameter  of  the  shaft.     If  the  entablature  is  divided  into  five  parts,  two  are  occupied  by  the 
architrave,  which  consists  of  a  single  fascia,  crowned  with  a  cymatium  ;  the  remaining  three  are 
divided  into  five  other  parts,  three  of  which  are  occupied  by  the  plain  part  of  the  frieze,  and  the 
remaining  two  by  the  cornice.     The  cymatium  of  the  frieze,  which  consists  of  a  cima-reversa  stand- 
ing upon  a  bead,  is  worked  out  of  the  cornice.     The  cornice,  as  viewed  in  front,  is  composed  of  a 
corona,  cymatium,  and  cima. 

4.  In  the  temple  of  Erectheus  and  Minerva  Polias  at  Athens,  the  architrave  has  three  fasciae  and 
a  cymatium,  and  the  cymatium  of  the  frieze  is  worked  chiefly  out  of  the  cornice.     The  height  of  the 
entablature,  from  the  bottom  of  the  lower  fascia  of  the  architrave  to  the  top  of  the  cymatium  upon 
the  corona,  if  divided  into  nineteen  parts,  the  architrave  and  frieze  will  each  have  eight,  and  the 
corona,  larima,  and  cymatium  will  occupy  the  remaining  three  parts.     In  these  specimens,  the 
volutes  have  a  singular  degree  of  symmetry  and  beauty. 
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5.  In  all  the  Greek  Ionics,  the  height  of  the  cornice,  measured  from  the  lower  edge  of  the  corona 
upwards,  appears  to  have  a  constant  ratio  to  the  total  height  of  the  entablature,  viz.,  nearly  as  2  to 
9,  which  seems  the  true  one  to  accord  with  the  character  of  the  order.     The  great  recess  of  the 
mouldings,  under  the  corona,  gives  it  a  striking  prominence,  and  prevents  the  cornice  from  appearing 
too  heavy,  though  both  the  dentil  baud  and  cymatium  of  the  frieze  are  introduced  under  it. 

6.  On  account  of  the  frieze  being  wanting  in  most  of  the  Asiatic  remains,  although  the  architrave 
and  cornice  have  been  accurately  measured,  the  height  of  the  entablature  cannot  be  ascertained. 
The  only  instance  in  which  a  frieze  has  been  discovered  is  in  the  theatre  of  Laodicea  ;  and  there  it 
is  rather  less  than  one-fifth  of  the  entablature.     In  the  temple  of  Bacchus  at  Teos,  and  Minerva 
Polias  at  Priene,  the  architraves  are  divided  into  three  fasciae  below  the  cymatium.    Their  proportions 
are  very  different  from  those  at  Athens,  though  also  elegant  in  character  and  effect. 

7 '.  In  all  the  Asiatic  Ionics,  the  crowning  mouldings  of  the  cornices  are  cima-recta,  less  in  pro- 
jection than  height.  The  dentil  bands  are  never  omitted,  and  their  height  is  a  mean  between  that 
of  the  cima-recta  and  of  the  larima,  corona,  or  drip,  being  uniformly  greater  than  that  of  the  corona, 
and  less  than  that  of  the  cima-recta.  The  cymatium  of  the  denticulated  band  is  recessed  upwards, 
being  almost  entirely  wrought  out  of  the  soffit  of  the  corona,  which  nearly  conceals  its  height.  The 
height  of  the  cornice,  from  the  top  of  the  cima  to  the  lower  edge  of  the  dentils,  is  equal,  or  nearly 
so,  to  that  of  the  architrave.  The  height  of  the  frieze,  without  its  cymatium,  may  be  about  one- 
fourth  of  the  whole  entablature. 

8.  We  have  observed  that  the  height  of  the  Ionic  column  was  originally  eight  diameters  ;  the 
moderns  have  increased  it  to  nine.     The  shaft  is  generally  cut  into  24  flutes,  with  as  many  fillets. 
The  altitude  of  the  entablature  may,  in  general,  be  two  diameters  ;  but  it  may  be  increased,  and 
should  not  be  less  than  one-fourth  of  the  height  of  the  column  in  works  of  magnificence. 

9.  The  base  of  the  Athenian  Ionics  consists  of  two  tori,  having  a  scotia  or  trochilus  between  them, 
separated  from  the  tori,  above  and  below,  by  two  fillets  ;  the  fillet  above  the  inferior  torus  projects, 
in  general,  as  far  as  the  extremity  of  the  superior  torus,  and  the  fillet  beneath  the  upper  torus  pro- 
jects beyond  both.     The  scotia  is  very  flat,  its  section  forming  an  elliptic  curve,  which  joins  the 
fillet  on  either  side.     The  tori  and  scotia  are  nearly  of  equal  altitudes.     In  the  temple  on  the  Ilvssus 
there  is  a  bead  and  fillet  on  the  upper  torus,  joining  the  fillet  to  the  scape  of  the  column  ;  in  the 
same  temple,  as  well  as  in  that  of  Erectheus,  the  upper  torus  of  the  base  is  fluted ;  but  the  lower 
part,  which  joins  the  upper  surface  of  the  fillet  above  the  scotia,  is  left  entire.     In  the  latter  temple 
the  lower  torus  of  the  base  of  the  Antoe  is  receded ;  and  in  that  of  Minerva  Polias  it  is  fluted,  each 
flute  being  separated  from  those  on  either  side  by  two  small  cylindric  mouldings  of  a  quadrantal 
section,  joining  at  their  convexities.     The  upper  scotia  of  the  temple  of  Minerva  Polias  is  also 
enriched  with  a  guilloche.     Vitruvius  has,  very  properly,  termed  this  the  Attic  base,  it  having  been 
employed  by  the  Athenians  in  all  their  Ionics ;  and,  although  the  lonians  had  another,  more  par- 
ticularly appropriated  to  this  order,  they  sometimes  employed  the  Attic,  as  in  the  temple  of  Bacchus 
at  Teos.     In  the  temple  of  Minerva  Polias  at  Priene,  and  that  of  Apollo  Didymseus  near  Miletus, 
the  bases  consist  of  a  large  torus,  three  pair  of  astragals,  and  two  scotise,  inverted  towards  each  other ; 
the  upper  pair  of  astragals  is  below  the  torus,  and  the  scotia  intervenes  between  each  pair.     In  the 
former  of  these  temples,  an  additional  astragal  separates  the  torus  from  the  shaft.     The  torus  is 
elliptical  with  its  under  part  fluted ;  there  is  likewise  a  flute  in  the  upper  part  of  the  base.     In  the 
temple  of  Apollo  Didymseus,  the  upper  torus  is  semicircular,  and  each  bead  of  every  pair  is  separated 
by  a  narrow  fillet.     This  base  differs  but  little  from  that  assigned  to  this  order  by  Vitruvius,  only  in 
the  former  the  scotiaj  are  inverted,  and  present  a  greater  variety  of  profile.       -, 

10.  The  volute,  which  is  the  great  distinguishing  feature  of  this  order,  in  the  Athenian  Ionics, 
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and  the  temple  of  Minerva  Polias  at  Priene,  the  lower  edge  of  the  channel  which  runs  between  them 
is  formed  into  a  curve,  bending  downwards  in  the  middle,  and  revolving  about  the  spirals  on  either 
side.  In  the  temple  of  Erectheus,  and  Minerva  Polias  at  Athens,  each  volute  has  two  channels 
formed  by  two  distinct  spiral  borders ;  the  borders  forming  the  exterior  volute,  and  the  under  side 
of  the  lower  channel,  have  between  them  a  deep  recess  or  spiral  groove,  which  diminishes  gradually 
in  breadth,  till  it  loses  itself  in  the  centre  of  the  eye.  In  the  temple  of  Bacchus  at  Teos,  the  great 
theatre  of  Laodicea,  and  in  all  the  Roman  Ionics,  the  channel  whereby  the  two  volutes  are  connected 
has  no  border  on  the  lower  edge,  but  terminates  with  a  horizontal  line,  falling  in  a  tangent  to  the 
commencement  of  the  second  revolution  of  each  volute. 

11.  In  the  temple  of  Erectheus,  the  column  terminates  with  a  fillet  and  astragal  a  little  below 
the  eye  of  the  volute  ;  and  in  the  temple  of  Minerva  Polias,  it  is  terminated  with  a  single  fillet.     In 
both  instances,  the  colerino  or  neck  is  decorated  with  honeysuckles.     The  upper  annular  moulding 
of  the  column  is  of  a  semicircular  section  with  a  guilloche. 

12.  The  capitals  of  both  Greek  and  Roman  Ionics  have  the  eschinus,  astragal,  and  fillet ;  the 
eschinus  is  always  cut  into  eggs,  surrounded  with  borders  of  angular  sections  with  tongues  between 
them ;  the  astragal  consists  of  a  row  of  beads,  having  two  small  ones  inserted  between  every  two 
large  ones.     In  all  the  Roman  buildings,  except  the  Coliseum,  these  mouldings  are  cut  in  the  same 
manner. 

13.  When  Ionic  columns  stand  in  the  flanks  as  well  as  the  fronts  of  a  building,  two  volutes  at  the 
corner  of  each  angular  column  are  contrived  to  present  the  same  form  in  the  flank  as  in  the  front, 
as  in  the  temple  of  Bacchus  at  Teos,  of  Minerva  at  Priene,  Erectheus,  and  that  of  the  Muses  at 
Athens,  and  likewise  of  Fortuna  Virilis  at  Rome :  the  angular  capitals  have,  in  all  these  instances, 
one  volute  on  each  side,  projected  in  a  curve  towards  the  angle.     Amongst  the  ancient  Romans,  as 
at  the  temple  of  Concord  at  Rome,  the  capitals  of  all  the  columns  are  made  to  face  the  four  sides  of 
the  abacus ;  and  it  was  from  this  specimen  that  Scammozzi,  encouraged  by  the  example  of  Michael 
Angelo,  composed  the  capital  upon  this  principle,  which  bears  his  name. 

14.  The  following  examples  will  show  the  number  of  flutes  and  their  form  in  the  temples  of  the 
Ilyssus.     Erectheus  and  Minerva  Polias  at  Athens,  Bacchus  at  Teos,  Minerva  Polias  at  Priene, 
and  Apollo  at  Didymaeus,  near  Miletus ; — each  column  has  24  flutes,  and  as  many  fillets.     The 
columns  of  the  aqueduct  of  Adrian,  the  Ionic  colonnade  near  the  Lantern  of  Demosthenes,  and  the 
great  theatre  at  Laodicea,  also  at  the  temple  of  Concord,  the  second  order  of  the  Coliseum,  and  the 
theatre  of  Marcellus  at  Rome,  have  their  shafts  plain ;  but  the  columns  of  the  temple  of  Fortune, 
at  the  same  place,  have  24  flutes.     The  section  of  the  flutes  of  the  columns,  in  the  temple  on  the 
Ilyssus  at  Athens,  is  elliptical ;  the  flutes  descend  and  follow  the  curve  of  the  scape  of  the  column  in 
the  following  specimens,  viz.  the  temple  of  Minerva  Polias,  and  of  Erectheus  at  Athens,  the  templa 
of  Bacchus  at  Teos,  and  Minerva  Polias  at  Priene. 

15.  Plate  XCI.  exhibits  the  Ionic  order  from  the  Temple  on  the  Ilyssus  at  Athens. 
Fig.  1,  the  order  complete,  with  the  dimensions  of  the  different  parts. 

Fig.  2,  plan  of  one  quarter  of  the  capital. 

Fig.  3,  the  same  showing  the  angular  volute. 

Fig.  4,   section  through  the  centre  of  the  front  face  of  the  capital. 

Fig.  5,  section  through  centre  of  flank  of  column. 

Fig.  6,  elevation  of  half  of  the  flank  of  the  capital. 

Fig.  7,  elevation  of  flank  of  antse. 

Fig.  8,  painted  ornaments  of  the  upper  fascia  of  the  architrave  of  the  Prouaos. 

Fig.  9,  plan  of  one  of  the  flutes  of  column. 
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Plate  XCII.  exhibits  the  Ionic  order  from  the  gateway  at  Eleusis:  Entablature  and  capital  of 
column. 

Plate  XCII  I.  the  same. 

Fig.  1,  section  through  architrave,  showing  the  flank  of  the  capital. 

Fig.  2,  section  through  the  flank  of  the  capital. 

Fig.  3,  plan  of  the  capital,  showing  likewise  a  plan  of  the  flutes. 

Fig.  4,  section  through  the  centre  of  the  part  of  the  capital. 

Plate  XCIV.  Ionic  order  from  the  gateway  at  Eleusis. 

Fig.  1,  half  of  the  capital,  showing  one  of  the  volutes  to  a  larger  scale. 

Fig.  2,  the  base  of  the  column. 

Plate  XCV.  represents  the  method  of  striking  the  spiral  of  an  Ionic  volute. 

The  spiral  shown  in  this  plate  is  denominated  the  logarithmic  spiral.  The  way  to  describe  this 
spiral — the  different  radii  having  been  previously  calculated  and  given,  as  in  the  table  of  figures  by 
the  side  thereof — is  as  follows  : 

Draw  a  straight  line,  and  take  any  point  therein  for  the  centre  of  the  eye,  or  cathetus  :  through 
this  point  draw  another  straight  line  at  right  angles  thereto,  and  these  two  straight  lines  cutting  each 
other  will  of  course  form  four  right  angles ;  bisect  any  two  adjacent  right  angles,  and  let  the  bisect- 
ing lines  be  produced  on  the  other  side  of  the  centre,  and  the  whole  will  be  divided  into  eight  equal 
angles  by  as  many  lines,  upon  which  the  radii  are  to  be  placed.  From  the  centre  of  the  eye  set  up 
20,  which  will  give  the  extremity  of  the  first  radius,  upon  the  second  line  ;  towards  the  right,  from 
the  same  point  set  18.3,  and  following  round  in  succession  16.744,  15.321,  <fec.,  for  the  three  revolu- 
tions of  the  spiral.  In  the  first  quadrant,  take  the  length  of  the  middle  radius,  viz.  18.3,  set  one 
foot  of  the  compasses  in  20,  and  describe  an  arc  near  to  the  centre,  and  then,  with  the  same  radius, 
set  the  foot  of  the  compasses  in  16.7  and  describe  an  arc,  cutting  the  former  arc  ;  then  from  the 
point  of  intersection,  as  a  centre,  describe  an  arc  through  all  the  three  points  20,  18.3,  16.7  :  Pro- 
ceed in  the  same  manner  with  each  of  the  quadrants  in  rotation,  by  taking  the  middle  radius,  and 
from  the  extremity  of  each  outer  radius  describe  two  arcs  intersecting  each  other;  and  from  the 
points  of  intersection  as  a  centre  with  that  radius,  describe  an  arc  through  the  two  extremities  till 
you  arrive  at  2.4:  then  with  the  radius  2.4  describe  a  circle  for  the  eye,  and  the  whole  spiral  will 
be  completed. 

The  dimensions  in  the  table  are  calculated  to  three  places  of  decimals,  but,  in  order  to  avoid  con- 
fusion, only  one  decimal  place  is  figured  on  the  plate. 

Plate  XCVI.  shows  a  volute  drawn  according  to  the  principles  shown  in  the  preceding  examples, 
and  consists  of  three  spirals :  the  figures  affixed  round  the  outer  spiral  are  supposed  to  be  minutes, 
and  consequently  no  other  scale  is  required  for  that  spiral  than  that  of  the  order  itself,  but  to  draw 
the  two  interior  spirals  two  new  scales  must  be  found,  as  shown  at  the  bottom  of  the  plate,  unless 
the  use  of  proportional  compasses  is  adopted,  which  is  perhaps  the  readiest  way  for  those  who  are  in 
the  habit  of  using  them. 

In  Plate  XCVII.  Fig.  1  shows  a  volute  in  imitation  of  that  of  the  temple  of  Erectheus  at  Athens, 
drawn  according  to  the  principles  shown  in  the  preceding  examples. 

It  consists  of  eleven  spirals,  which  may  likewise  all  be  drawn  from  scales,  as  shown  in  the  plate, 
or  by  proportional  compasses  as  before  noticed. 

i-  ig.  2  shows  the  section  of  the  volute. 

Fig.  3  shows  a  method  of  forming  a  proportional  scale  for  the  interior  spirals. 

16.  The  general  proportions  of  the  Ionic  order  for  practice,  is  as  follows.  Divide  the  whole 
height  into  twenty-one  equal  parts ;  give  four  to  the  height  of  the  entablature.  Divide  the  height 
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of  the  entablature  into  three  equal  parts ;  make  the  cornice,  frieze,  and  architrave,  each  one  part : 
divide  the  height  of  the  architrave  into  four  equal  parts  ;  give  one  to  the  mouldings  of  the  upper 
part  or  capital :  divide  the  capital  of  the  architrave  into  nine  equal  parts ;  give  one  to  the  upper 
fillet,  three  to  the  cavetto,  four  to  the  ovolo,  and  one  to  the  bead :  divide  the  height  of  the  frieze 
into  six  equal  parts;  and  give  the  upper  one  to  its  capital:  divide  the  height  of  the  cornice  into 
three  equal  parts ;  divide  the  upper  part  into  six  parts,  give  one  to  the  upper  fillet,  four  to  the  cima- 
recta,  and  one  to  the  lower  fillet,  and  turn  one  downwards  for  the  ovolo  under ;  divide  the  lower 
third  of  the  cornice  into  six  equal  parts,  and  dispose  of  the  parts  as  appears  by  the  scale.  The 
height  of  the  base,  including  the  plinth,  is  half  the  diameter ;  the  parts  are  proportioned  in  height 
as  appears  by  the  scale.  The  whole  height  of  the  capital  is  three-fourths  of  the  upper  diameter ; 
the  height  of  the  volute  7-12ths  of  the  lower  diameter.  Dividing  the  height  of  the  volute  into  three 
equal  parts ;  the  top  of  the  lower  one  reaches  to  the  bottom  of  the  ovolo,  the  second  division  upon 
the  top  of  the  festoon :  the  smaller  members  will  be  found  by  subdivision.  The  juttings  of  the 
members  are  as  follows:  the  cornice  projects  equal  to  its  height;  the  projections  of  the  intermediate 
members  will  appear  sufficiently  clear  by  the  horizontal  scales  affixed  to  the  Plate.  The  general 
projection  of  the  base  is  one-sixth  of  the  lower  diameter  of  the  column. 


SECTION    VI. 

OF   THE   CORINTHIAN    ORDER. 

By  whom  introduced,  1. Has  an  Attic  base,  2. Shaft  compared  with  the  Ionic,  3 Capital,  4 General 

remarks,  5 — 8 Notices  of  different  examples  of  this  Order,  9 — 25 Notices  of  modern  practice  in  this  Order, 

26. General  observations,  27 Table  of  Proportions,  28 Projection  of  the  capital,  29. 

[Plates  XCVHI.—CV.] 

1.  UNLESS  we  admit  the  account  given  by  Vitruvius  respecting  the  invention  of  the  capital  by 
Callimachus,  who  is  said  to  have  been  an  Athenian  sculptor,  and  a  contemporary  of  Phidias  about 
540  B.  c.,  there  is  no  certain  evidence  with  regard  to  the  time  when  this  order  was  established. 
Pausanias  (book  viii.)  says,  that  in  the  fourth  century  before  the  Christian  era,  it  was  introduced 
by  Scopas  of  Paros,  in  the  upper  range  of  columns  in  the  ancient  temple  of  Minerva  at  Tegsea ; 
but  it  has  been  alleged,  that  this  temple  was  only  begun  by  Scopas,  and  being  left  unfinished,  had 
this  upper  range  added,  upon  the  lower  ancient  Doric,  under  Roman  influence.     There  must  cer- 
tainly have  been  some  particular  reason  why  this  order  was  called  Corinthian  ;  but  Doric  remains 
only  have  been  discovered  on  the  site  of  that  city  by  modern  visiters. 

2.  In  all  the  examples  in  Stuart's  '  Athens,'  this  order  has  an  Attic  base  ;  the  upper  fillet  of  the 
trochilus  or  scotia  projects  as  far  as  the  upper  torus.     In  the  monument  of  Lysicrates,  the  upper 
fillet  of  the  base  projects  farther  than  the  upper  torus,  which  is  an  inverted  ovolo. 

3.  Vitruvius  observes,  that  the  shaft  has  the  same  proportions  as  the  Ionic,  except  the  difference 
which  arose  from  the  greater  height  of  the  capital,  it  being  a  whole  diameter,  whereas  the  Ionic  is 
only  two-thirds  of  it.     But  this  column,  including  the  base  and  capital,  has,  by  the  moderns,  been 
increased  to  ten  diameters  in  height.     If  the  entablature  is  enriched,  the  shaft  should  be  fluted. 
The  number  of  flutes  and  fillets  is  generally  twenty-four ;  and  the  lower  one-third  of  the  height 
sometimes  has  cables,  or  reeds,  or  spirally  twisted  ribbands,  inserted  on  them. 

4.  The  great  distinguishing  feature  of  this  order  is  its  capital,  which  has  for  two  thousand  years 
been  acknowledged  the  greatest  ornament  of  this  school  of  architecture.     The  height  is  one  diameter 
of  the  column ;  to  which  the  moderns  have  added  one-sixth  more.     The  body,  or  nucleus,  is  in  the 
shape  of  a  bell,  basket,  or  vase,  crowned  with  a  quadrilateral  abacus,  with  concave  sides,  each  dia- 
gonal of  which  is  equal  to  two  diameters  of  the  column.     The  lower  part  of  the  capital  consists  of 
two  rows  of  leaves,  eight  in  each  row ;  one  of  the  upper  leaves  fronting  each  side  of  the  abacus. 
The  height  of  each  row  is  one-seventh,  and  that  of  the  abacus  one-eighth  of  the  whole  height  of  the 
capital.     The  space  which  remains  between  the  upper  leaves  and  the  abacus  is  occupied  by  little 
stalks,  or  slender  caulicoli,  which  spring  from  between  every  two  leaves  in  the  upper  row,  and 
proceed  to  the  corners,  and  also  to  the  middle  of  the  abacus,  where  they  are  formed  into  delicate 
volutes.     The  sides  of  the  abacus  are  moulded,  as  in  the  Stoa,  or  portico,  and  arch  of  Adrian  at 
Athens,  and  also  the  ruin  at  Salonica :  the  curves  of  the  sides  are  continued  until  they  meet  in  a 
sharp  horn  or  point.     In  the  Attic  capital,  the  small  divisions  of  the  leaves  were  pointed  in  imitation 
of  the  acanthus.     In  Italy,  they  most  generally  resembled  the  olive. 
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5.  The  best  specimens  of  this  order  are  the  monument  of  Lysicrates,  the  Stoa,  and  arch  of  Adrian 
at  Athens ;  and  the  pantheon  of  Agrippa,  and  the  three  columns  of  the  Campo  Vaccino  at  Rome.    In 
the  monument  of  Lysicrates,  [See  Plate  XCVIII.,]  the  lower  part  of  the  capital  consists  of  two  rows 
of  leaves ;  the  lower  row  is  plain,  and  the  upper  one  ruffled ;  and  the  latter  is  nearly  twice  the  height 
of  the  former.     The  number  of  leaves  in  the  upper  row  is  eight ;  in  the  lower,  sixteen.     In  the  upper 
row,  the  sides  of  the  middle  leaf,  upon  each  front  of  the  capital,  are  covered  by  the  flank -leaves ;  and 
the  whole  of  the  leaves  appear  as  if  fastened  to  the  body,  or  bell  part,  by  a  rose-headed  pin  on  each 
side  of  the  flank-leaves.     Each  of  the  helices,  or  stalks,  proceeds  from  the  sides  of  the  middle  leaf 
at  the  top  of  each  row,  as  if  they  sprung  from  one  common  vertical  stalk  ;  then  rising  upwards,  they 
take  a  direction  towards  the  left,  in  a  line  of  contrary  curvature,  and  terminating  in  foliage.     The 
volutes  in  the  middle  of  the  capital  are  quadruple,  each  one  of  each  pair  of  one  side,  meeting  each 
one  of  the  other  pair  upon  that  side.     And  as  each  pair  of  volutes  spring  from  the  same  trunk,  and 
begin  at  the  same  horizontal  position  of  the  curve,  each  one  of  each  pair  is  turned  outward,  and 
varies  in  size,  the  lesser  being  above,  and  the  greater  below.     The  four  volutes  form  a  curvilinear 
quadrilateral  figure,  by  having  their  convex  sides  presented  to  each  other.     The  upper  or  lesser  pair 
support  the  honeysuckle  which  covers  the  middle  part  of  the  abacus.     The  corners  of  the  abacus 
are  cut  off;  and  the  hollow  or  lower  member  forms  an  inverted  scotia,  which  is  nearly  four  times  the 
height  of  the  crowning  ovolo. 

6.  It  may  be  observed  generally,  in  the  Greek  Corinthian,  that  the  volutes  terminate  in  a  point 
in  the  natural  spiral,  without  either  coiling  round  a  circular  eye,  or  bending  backwards  in  a  serpentine 
form,  as  in  most  of  the  Roman  specimens. 

7.  The  Corinthian  order  seems  never  to  have  been  much  employed  in  Greece  before  the  time  of 
the  Roman  conquest ;  but  this  powerful  people  employed  it  almost  exclusively  in  every  part  of  their 
extensive  empire  ;  and  it  is  accordingly  in  edifices  constructed  under  their  influence  that  the  most 
perfect  specimens  are  found. 

8.  It  has  been  remarked  by  Vitruvius,  that  Corinthian  columns  were  sometimes  surmounted  by 
a  Doric  entablature,  which  practice,  besides  that  it  is  in  itself  very  extraordinary,  is  not  supported 
by  any  antique  example  now  to  be  found.     His  observation  respecting  the  Ionic  entablature  over 
the  same  kind  of  columns  is  verified  in  a  number  of  instances. 

9.  The  arch  of  Adrian  at  Athens,  has  a  cornice  with  dentils,  a  plain  frieze,  an  architrave  with 
two  plain  fascise,  and  an  Attic  base. 

10.  A  temple  at  Jackly,  near  Mylassa,  has  a  cornice  with  dentils,  a  swelled  frieze,  an  architrave 
with  three  plain  fasciae,  and  an  Attic  base. 

11.  At  Salonica,  (the  ancient  Thessalonica.)  a  building  called  the  Incantada,  has  a  cornice  with 
dentils,  a  swelled  frieze  ornamented  with  flutings,  an  architrave  with  three  plain  fascise,  and  an  Attic 
base. 

12.  The  temple  of  Vesta,  or  Tivoli,  has  a  plain  cornice,  with  a  dentil  band  uncut,  an  ornamented 
frieze,  an  architrave  with  two  plain  fasciae,  and  an  Attic  base. 

13.  At  Rome,  the  temple  of  Antoninus  and  Faustina  has  a  plain  cornice,  with  the  dentil  band 
uncut,  an  ornamented  frieze,  an  architrave  with  two  fascise  divided  by  an  astragal,  and  an  Attic  base. 

14.  The  portico  of  Septimius  Severus,  in  the  same  city,  has  a  plain  cornice,  with  a  small  uncut 
dentil  band,  a  plain  frieze,  and  an  architrave  with  three  fascise  divided  by  mouldings. 

15.  In  all  these  instances,  the  entablature  and  base  are  similar  to  those  generally  observed  in 
the  Ionic  order,  from  which  these  Corinthian  examples  differ  only  in  the  form  of  their  capitals. 
But  in  those  which  we  are  now  about  to  cite,  it  will  appear,  that  the  Romans  attempted  to  give 
the  Corinthian  order  a  more  distinct  character,  by  appropriating  to  it  a  peculiar  entablature  and 
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base,  and  thus  making  a  complete  order  of  what  might  be  previously  regarded  as  a  composition,  in 
which  light  Vitruvius  seems  to  have  considered  it. 

16.  The  portico  of  the  Pantheon  has  a  cornice  with  modillions,  and  an  uncut  dentil  band,  a  plain 
frieze,  an  architrave  with  two  fasciae  divided  by  mouldings,  and  a  Corinthian  base.     See  Plates 
XCIX.  to  CII. 

17.  The  Temple  of  Peace,  at  Rome,  has  a  cornice  with  modillions  and  dentils,  a  plain  frieze,  and 
an  architrave  with  three  fasciae  divided  by  mouldings. 

18.  In  the  Campo  Vaccino,  the  three  columns  supposed  by  some  to  have  belonged  to  a  temple  of 
Jupiter  Stator,  and  by  others  to  a  temple  dedicated  to  Julius  Caesar,  have  a  cornice  with  modillions 
and  dentils,  a  flat  frieze,  an  architrave  with  three  fascise  divided  by  mouldings,  and  a  Corinthian 
base.     See  Plate  GUI. 

19.  The  temple  of  Jupiter  Tonans,  at  Rome,  has  a  cornice  with  modillions  and  dentils,  a  flat 
frieze,  and  an  architrave  with  three  fasciae  divided  by  mouldings. 

20.  The  arch  of  Constantine  has  a  cornice  with  modillions  and  dentils,  a  plain  frieze,  an  archi- 
trave with  three  plain  fascise,  and  an  Attic  base. 

21.  At  Ephesus,  the  temple  supposed  by  Chandler  to  have  been  erected  by  permission  of  Augus- 
tus, in  honour  of  his  uncle  Julius,  lias  a  cornice  with  modillions  and  dentils,  a  swelled  and  orna- 
mented frieze,  an  architrave  with  three  fasciae  divided  by  mouldings,  and  an  Attic  base. 

22.  The  exquisite  and  unique  Maison   Quarre,  at  Nismes,   has  a  cornice  with  modillions  and 
dentils,  a  flat  frieze,  an  architrave  with  three  fascise  divided  by  mouldings,  arid  an  Attic  base. 

23.  To  these  we  may  add  the  following,  in  which  the  alteration  seems  but  partially  to  have  taken 
place  ;  there  being  neither  dentils  nor  dentil  bands  in  the  cornices,  and  the  mutules,  from  their 
situation,  appearing  rather  like  a  variation  from  the  proper  Ionic  dentil,  than  a  new  member. 

24.  A  portico  at  Athens,  supposed  by  Mr.  Stuart  to  be  the  ancient  Pceeile :  a  cornice  with 
mutules  of  two  square  faces,  an  architrave  with  two  plain  fascia;,  and  an  Attic  base. 

25.  The  frontispiece  of  Nero,  at  Rome :  a  cornice  with  mutules  of  two  square  faces,  an  ornamented 
frieze,  and  an  architrave  with  two  fascia;,  divided  by  an  ogee. 

26.  Of  the  modern  architects  who  have  treated  of  this  order,  Palladio  makes  the  column  9i 
diameters  high,  one-fifth  of  which  he  gives  to  the  entablature,  consisting  of  a  Cornice  with  modillions 
and  dentils,  a  flat  frieze,  and  an  architrave  with  three  fascise  divided  by  astragals ;  the  base  is 
Attic.     The  design  of  Scamozzi  bears  a  general  resemblance  to  that  of  Palladio,  but  his  column 
has  ten  diameters  in  its  altitude  ;  his  entablature  is  one-fifth  of  this  height ;  the  cornice  has  modil- 
lions, the  architrave  consists  of  three  fascise  divided  by  astragals,  and  the  base  is  Attic.     Serlio, 
following  Vitruvius,  has  given  this  order  an  Ionic  entablature,  with  dentils,  and  the  same  proportion 
of  the  capital ;  his  column  is  nine  diameters  high,  and  has  a  Corinthian  base.     Vignola's  Corinthian 
is  a  grand  and  beautiful  composition,  chiefly  imitative  of  the  three  columns.     He  makes  the  column 
ten  diameters  and  a  half  in  height ;  the  entablature  is  a  fourth  of  that  altitude ;  the  cornice  has 
modillions  and  dentils  ;  the  frieze  is  plain  ;  the  architrave  is  of  three  fasciae  divided  by  mouldings, 
and  the  base  is  Attic. 

27.  Sir  William  Chambers  has  observed,  that  "  the  Corinthian  order  is  proper  for  all  buildings 
whore  elegance,  gaiety,  and  magnificence  are  required.     The  ancients  employed  it  in  temples  dedi- 
cated to  Venus,  Flora,  Proserpine,  and  the  nymphs  of  fountains  ;  because  the  flowers,  foliage,  and 
volutes,  with  which  it  is  adorned,  seemed  well-adapted  to  the  delicacy  and  elegance  of  such  deities." 
This  theory,  however  plausible,  is  unsupported,  or  rather  contradicted,  by  facts.     The  Romans — who 
appear,  as  already  hinted,  to  have  adopted  the  Corinthian  order  in  preference  to  tlie  others — employed 
it  indiscriminately,  and  erected  Corinthian  temples  to  Jupiter,  Mars,  and  Neptune,  to  whom  the 
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Greeks  dedicated  temples  of  the  Doric  order.  The  temples  of  Minerva  at  Athens  and  at  Sunium 
are  Doric ;  that  of  Minerva  Polias  at  Priene  is  Ionic.  The  temple  of  Jupiter  Olympus  at  Elis 
was  Doric ;  that  at  Athens,  built  by  Adrian,  is  Corinthian.  The  numerous  temples  of  the  Grecian 
colonists  in  Sicily  and  Italy,  are  uniformly  Doric,  marked  by  the  most  severe  and  massive  simplicity. 
The  cities  of  Ionia  present  the  best  examples  of  a  chaste  and  elegant  Ionic :  and  the  magnificent 
structures  of  Balbee  and  Palmyra  are  wholly  of  the  Corinthian  order,  and  in  the  most  florid  style  of 
ornament.  Whence  we  may  conclude,  that  the  choice  of  the  orders  of  architecture  was  rather 
governed  by  national  taste,  than  by  any  ideas  of  identity  between  the  character  of  the  style,  and 
that  of  the  object  to  which  the  building  was  to  be  devoted. 

28.  In  the  following  Table  will  be  found  the  proportions  of  some  of  the  principal  examples  of  the 
Corinthian  order.  It  is  to  be  recollected,  that  the  several  members  are  measured  by  the  lower 
diameter  of  the  shafts,  which  is  divided  into  60  parts. 

EXAMPLES.  Height  of  Column.  Height  of  Capital.    Architrave,  Frieze.  Cornice. 

Portico  of  the  Pantheon 9     34J  67}  42}  39J  54 

Temple  of  Vesta  at  Rome,      ...  10    58  77*  —  —  _ 


Temple  of  Vesta  at  Tivoli, 

9 

21* 

57 

30 

37* 

32i 

Temple  of  Antoninus  and  Faustina, 

9 

36* 

68} 

43* 

40| 

52* 

Three  columns  in  the  Campo  Vaccino, 

10 

6* 

66* 

43* 

43* 

69ft 

The  Basilica  of  Antoninus  at  Rome, 

10 

11* 

69* 

43* 

32* 

— 

The  arch  of  Constantine,      . 

9 

37 

65} 

45 

40 

S8A 

Temple  at  Ephesus,         .... 

10 

15 

64 

48 

45* 

48 

Temple  at  Jackly,  near  Mylassa, 

9 

31 

63 

43f 

40 

— 

Poecite  at  Athens,             .... 

9 

32 

64$ 

39} 

34} 

38J 

Arch  of  Adrian  at  Athens, 

9 

52 

72 

41 

38* 

46 

The  Incantada  at  Salonica, 

9 

31 

66} 

46 

41* 

42* 

Palladio,      

9 

30 

70 

38 

28* 

47t 

Scamozzi,         ...... 

10 

70 

40 

32 

48 

9 

60 

30 

37 

39 

Vignola,           

10 

70 

45 

45 

60 

29.  In  Fig.  1.  of  Plate  CIV.  No.  1  shows  the  plan  of  the  Corinthian  capital;  and  No.  2,  the 
elevation.  No.  1  of  Fig.  2,  the  semi-plan,  is  divided  into  eight  equal  parts,  which,  being  carried 
up  perpendicularly  to  the  elevation,  gives  the  centres  of  the  leaves  of  which  the  projections  are 
formed  by  those  upon  the  plan.  The  length  of  the  diagonal  of  the  abacus  is  two  diameters ;  the 
centre  of  each  side  is  determined  by  the  vertex  of  an  equilateral  triangle.  The  elevation  shows  the 
general  outlines  of  the  leaves  before  the  foliage  is  cut. 

No.  2.  Fig.  2  shows  the  general  form  and  manner  of  raffling  the  leaves. 

Fig.  3  shows  the  front  of  the  leaf  according  to  the  three  columns  in  the  Campo  Vaccino. 

Fig.  4  is  a  modillion ;  No.  1  being  the  side,  and  No.  2  the  profile. 

In  Plate  CV.  Fig.  1  shows  the  side  elevation  of  the  modillion  in  the  temple  of  Jupiter  Stator, 
with  a  section  of  the  coffer  and  flower  therein  j  and  Fig.  2  is  a  plan  of  the  modillions,  showing  the 
soffit. 


SECTION    VII. 

ROMAN    ORDERS. 
General  observations,  1. The  Tuscan  order,  2 Composite,  3. 

[Platei  CVI.—CVIII.~\ 

1.  BESIDES  the  three  Greek  orders  now  described,  two  others  were  introduced  in  ancient  Italy, 
viz.  the  Tuscan  and  Composite.     In  their  general  character  they  are  governed  by  the  canons  of  the 
Greek  school,  and  have  indeed  very  little  claim  to  be  separately  classed :  our  notice  of  them  will 
therefore  be  proportionally  confined. 

2.  The  title  of  the  first  leads  us  to  assign  its  origin  to  Tuscany ;  and  this  conjecture  is  strengthened 
by  that  people  being  admitted  as  the  offspring  of  Dorians.     No  ancient  remains  of  this  order  having 
been  discovered  with  entablatures,  it  is  only  from  the  accounts  given  by  Vitruvius  that  the  form 
and  ratio  of  its  members  can  be  determined.    He  allows  seven  diameters  for  the  height  of  the  columns, 
and  diminishes  the  upper  part  one-fourth  half  of  the  diameter ;  the  base  is  half  a  diameter  in  height, 
one  of  which  is  given  to  a  circular  plinth,  and  the  other  to  a  torus  ;  the  capital  is  also  half  a  dia- 
meter in  height,  and  one  in  breadth  upon  the  abacus ;  the  height  is  divided  into  three  parts,  one  of 
which  is  given  to  the  abacus,  one  to  the  echinus,  and  the  third  to  the  hypotrachelion  and  apophygis ; 
the  architrave  has  two  faces,  with  an  aperture  between  them  of  about  li  inch  for  the  admission  of 
air  to  preserve  the  beams  ;  the  lower  face  is  vertical  upon  the  edge  of  the  top  of  the  column ;  the 
frieze  is  plain  and  flat ;  the  mutules  of  the  cornice  project  over  the  beams  and  walls,  equal  to  one- 
fourth  of  the  height  of  the  column. 

The  columns  of  Trajan  and  Antonine  are  specimens  of  the  Tuscan,  though  being  eight  diameters 
high,  they  exceed,  by  one  diameter,  what  is  generally  assigned  to  this  order.  St.  Paul's  church, 
Covent  Garden,  in  London,  is  the  best  modern  example.  In  Plate  CVI.  we  have  given  an  example 
from  Sir  William  Chambers. 

3.  In  the  Composite  order  the  upper  part  of  the  capital  is  that  sort  of  Ionic  which  presents  a 
similar  face  on  each  of  the  four  sides.     The  lower  part  consists  of  two  rows  of  acanthus  leaves,  as  in 
the  Attic  Corinthian.     The  column  of  the  Roman  edifices,  with  composite  capitals,  have,  in  general, 
Corinthian  entablatures ;  the  arches  of  Septimius  Severus,  and  the  Goldsmiths  at  Rome,  have  Ionic 
entablatures.     See  Plate  CVII. 

Modern  architects  have  generally  adopted  the  entablature  of  the  frontispiece  of  Nero,  Plate 
CVIIL,  or  introduced  adventitious  members  of  other  orders,  as  the  denticulated  baud  of  the  Ionic 
with  its  cymatium,  between  the  modillions  and  cymatium  of  the  frieze  of  the  Corinthian.  The 
modillions  employed  in  the  Composite  order  differ  from  those  of  the  Corinthian  in  being  more 
massive,  composed  of  two  faces,  and  having  a  cymatium  like  an  architrave.  Indeed  the  capital 
being  much  bolder  than  the  Corinthian,  all  the  other  members  should  be  made  of  suitable  magnitude. 

The  Romans  employed  this  order  chiefly  in  triumphal  arches.  The  moderns  have  introduced 
it  in  various  sorts  of  works  of  the  greatest  magnificence. 
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GENERAL    REMARKS. 

A  sixth  order,  1 General  remarks  on  columns,  2,  3;  as  engaged  or  insulated,  4. Intercolumniations,  5 — 8 

Laws  of  superposition  of  orders,  9 — 15 Of  the  pedestal,  16 — 18 Of  Pilasters,  19,  20. 

1.  VARIOUS  unsuccessful  attempts  have  been  made  in  different  countries  to  invent  a  new,  or  sizth 
order ;  but  such  is  the  limited  extent  of  the  human  imagination,  that  the  Doric,  Ionic,  and  Corin- 
thian, have  ever  floated  uppermost,  and  all  that  has  been  produced  amounts  to  nothing  more  than 
different  arrangements  and  combinations  of  their  several  parts,  with  some  trifling  variation,  scarcely 
deserving  notice,  the  whole  generally  tending  rather  to  diminish  than  increase  the  beauties  of  the 
ancient  orders.     Indeed  those  three  orders  possess  the  entire  means  whereby  the  art  renders  sensible 
the  various  grades  of  character  or  expression ;  and  though  that  character  and  expression  may  be 
considerably  varied,  and  something  novel  produced,  it  will  be  found  upon  close  examination  to  result 
only  from  a  combination  of  the  means  contained  in  the  three  primitive  orders,  and  not  from 
invention.* 

2.  The  shaft  of  the  column  of  each  of  the  orders  is  diminished  towards  the  top,  but  the  diminution 
varies  in  different  examples,  and  is  greater  in  the  Doric  than  in  the  other  orders,  being  in  the  former 
me-fourth  or  one-fifth  of  the  lower  diameter,  whilst  in  the  Ionic  and  Corinthian  orders  it  seldom 
exceeds  one-sixth ;  it  is  however  in  all  cases  regulated,  in  some  degree,  by  the  height  of  the  column. 
In  some  examples  the  shaft  is  regularly  diminished  from  bottom  to  top,  being  a  frustum  of  a  cone : 
in  others,  the  surface  of  the  shaft  is  curved,  and  it  then  assumes  a  conoidal  shape :  this  curvature 
or  swelling  of  the  shaft  is  termed  the  entasis,  and  is  produced  by  two  different  methods  :  in  the  one 
case  the  curved  line  is  throughout  the  whole  height,  and  falls  within  the  circumference  of  the  inferior 
diameter  of  the  column  ;  in  the  other,  the  shaft  is  somewhat  increased  at  about  one-third  or  one- 
fourth  of  the  distance  between  the  base  and  necking  of  the  column ;  the  former  practice  is  most 
consonant  with  the  best  examples  of  antiquity. 

3.  The  shaft  of  the  column  is  oftentimes  fluted,  but  the  flutings  vary  both  in  form  and  number  in 
different  examples.     In  the  Doric  order,  the  section  of  the  flute  is  a  segment  of  a  circle,  the  flutes 
meeting  each  other  in  an  arris,  and  with  few  exceptions  are  twenty  in  number :  those  of  the  Ionic 
and  Corinthian  orders  have  a  semicircular,  or  semi-elliptical  section,  and  are  usually  twenty-two  in 
number,  with  a  fillet  between  each  flute,  which  is  diminished  in  the  same  proportion  as  the  flute 
itself.    The  termination  of  the  flutes  are  most  commonly  of  a  spherical  or  spheroidal  form ;  but  there 
are  some  exceptions,  amongst  which  may  be  instanced  those  of  the  order  of  the  Sybil's  Temple  at 
Tivoli,  and  that  of  the  Choragic  monument  of  Lysicrates  at  Athens.     Sometimes  the  lower  parts  of 

*  Thus  Peter  de  la  Roche,  in  an  '  Essay  on  the  Orders  of  Architecture,'  published  in  1768,  proposed  the  introduction 
of  "a  new  Great  order,"  called  the  Britannic  order,  the  capital  of  which  was  to  be  ornamented  with  mouldings  of  eight 
ostrich  feathers,  so  that  three  composing  a  Prince  of  Wales's  plume,  should  appear  in  whatever  direction  it  was  viewed. 
The  height  of  the  shaft  was  to  be  26j  modules;  of  the  column,  31  modules;  of  the  pedestal,  10;  and  of  the  entablature, 
6.  The  capital,  whether  on  columns  or  pilasters,  was  to  have  an  angular  member.  The  column  was  to  have  numerous 
shallow  flutings ;  and  the  bottom  of  the  pannel  to  be  ornamented  with  the  English  rose. 
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the  flutes,  to  thj  he'ght  of  about  one-third  of  the  shaft,  are  filled  up  with  a  moulding,  having  a 
convex  section  representing  a  rope  or  staff ;  the  shaft  is  then  said  to  be  cabled. 

4.  Columns  are  either  engaged  or  insulated.     When  insulated  they  are  placed  either  very  near  the 
walls,  or  at  a  considerable  distance  from  them.     When  the  columns  are  engaged,  or  very  near  to 
the  walls  of  a  building,  the  intercolumniations  are  not  limited,  but  depend  on  the  windows,  arches, 
niches,  or  other  objects  that  are  placed  between  them  ;  but  columns  that  are  entirely  detached, 
and  alone  perform  the  office  of  supporting  the  entablature,  as  in  peristyles,  porches,  galleries,  &c., 
must  be  so  placed  as  to  possess  both  real  and  apparent  solidity. 

5.  The  ancients  had  several  different  manners  of  spacing  their  columns,  which  are  described  by 
Vitruvius  in  his  third  and  fourth  books,  and  were  thus  named  ;  pycnostyle,  of  which  the  interval  was 
equal  to  one  and  a  half  diameter  of  the  column  ;  the  systyle  interval  of  two  diameters  ;  the  eustyle 
of  two  and  a  quarter  diameters ;  the  diastyle  of  three  diameters  ;  and  the  areostyle  of  four  diameters. 
These  intercolumniations  were  applied  particularly  to  the  Ionic  and  Corinthian  orders ;  the  Tuscan 
and  Doric  being  regulated  in  other  ways. 

6.  In  the  Doric  order  the  intercolumniations  were  regulated  by  the  triglyphs,  one  of  which  was 
always  placed  over  the  centre  of  each  column,  having  one,  two,  or  more  triglyphs  between  the 
columns,  as  circumstances  might  render  necessary  :  the  Tuscan  intervals  are  described  as  being 
very  wide,  some  exceeding  seven  diameters ;  the  architrave  being  of  wood,  made  this  arrangement 
practicable. 

7.  The  eustyle  intercolumniation  being  a  medium  between  the  narrow  and  wide  intervals,  and 
being  at  the  same  time  spacious  and  solid,  has  been  more  used,  both  by  the  ancients  and  moderns, 
than  any  of  the  others. 

8.  There  is  likewise  another  species  of  intercolumniation  occasionally  used  where  the  columns  arc 
grouped  or  coupled,  in  which  case  two  columns  are  placed  within  half  a  diameter  of  each  other,  am' 
the  interval  between  them  and  the  next  pair  is  equal  to  three  and  a  half  diameters.     This  dispositioi 
of  columns  has  been  employed  by  Sir  C.  Wren  in  the  western  front  of  St.  Paul's  Cathedral ;  by 
Perrault  in  the  facade  of  the  Louvre  ;  and  is  likewise  very  commonly  used  in  the  porches  and  por 
ticoes  of  modern  buildings. 

9.  When  two  or  more  orders  are  placed  upon  each  other  in  a  building,  the  laws  of  solidity  require 
that  the  strongest  should  be  placed  lowermost,  wherefore  the  Doric  should  support  the  Ionic,  the 
Ionic  the  Composite,  or  the  Corinthian,  and  the  Composite  the  Corinthian. 

10.  This  rule  is  not  however  always  strictly  attended  to ;  most  authors  having  placed  the  Com- 
posite above  the  Corinthian,  and  we  find  it  so  disposed  in  many  modern  buildings. 

11.  There  are  likewise  instances  where  the  same  order  as  is  used  below  is  repeated  above; 
there  are  others  where  an  intermediate  order  is  omitted,  and  the  Ionic  placed  on  the  Tuscan, 
or  the  Corinthian  on  the  Doric,  but  none  of  these  practices  are  correct.      The  first  of  them  is 
an  evident  trespass  against  the  principles  of  solidity,  and  should  never  be  imitated;  the  second 
occasions  a  tiresome  monotony  :  and  the   last  cannot  be  effected  without  several    disagreeable 
irregularities. 

12.  In  placing  columns  above  each  other,  it  is  always  to  be  observed,  that  the  axes  of  all  the 
columns  should  correspond,  and  be  in  the  same  perpendicular  line,  more  especially  where  the  columns 
are  detached,  as  the  structure  will  then  be  solid,  which  it  cannot  be  when  the  superior  column  is 
placed  considerably  within  the  inferior  one,  as  in  that  case  a  great  part  of  it  can  have  no  other  sup- 
port than  the  entablature  of  the  order  below  it. 

13.  Many  and  some  considerable  difficulties  occur  in  placing  columns  upon  columns,  and  indeed 
the  practice  should,  as  much  as  possible,  be  avoided.     The  most  simple  rule,  and  that  which  is  on 
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the  whole  attended  with  the  fewest  difficulties,  is  that  given  by  Scamozzi,  founded  on  a  passage  in 
the  first  book  of  Vitruvius,  importing  that  the  lower  diameter  of  the  superior  column  should  con- 
stantly be  equal  to  the  upper  diameter  of  the  inferior  one,  as  if  all  the  columns  were  formed  of  ono 
long  tapering  tree,  cut  into  several  pieces.  Many  architects — amongst  which  number  are  Palladio 
and  Scamozzi — place  the  second  order  of  columns  upon  a  pedestal. 

14.  In  compositions  consisting  of  two  stories  of  arcades  this  cannot  be  avoided  ;  but  in  colonnades 
it  may  and  ought,  for  the  addition  of  the  pedestal  renders  the  upper  ordonnance  too  predominant, 
and  the  projection  of  the  base  of  the  pedestal  is  both  disagreeable  to  the  eye,  and  much  too  heavy 
a  load  for  the  inferior  entablature.     In  the  Barberine  palace  at  Vicenza,  Palladio  has  placed  the 
columns  of  the  second  story  on  a  plinth  only,  and  this  disposition  is  the  best,  the  height  of  the  plinth 
being  regulated  by  the  point  of  view,  and  made  sufficient  to  expose  to  sight  the  whole  of  the  base  of 
the  column. 

15.  Other  difficulties  likewise  occur  in  the  application  of  orders  above  orders,  arising  out  of  the 
entablature  of  the  inferior  one  ;  many  architects  holding  it  to  be  improper  to  employ  in  such  situa- 
tions those  parts  thereof  as  have  a  reference  to  the  roof  of  the  building,  such  as  the  upper  member 
of  the  cornice,  the  dentils,  mutules,  &c. 

16.  Some  writers  on  architecture  have  considered  the  pedestal  as  a  necessary  part  of  an  order, 
but  seeing  that  in  the  particular  description  given  by  Vitruvius  of  the  Doric,  Corinthian,  and  Tuscan 
orders,  no  notice  is  taken  of  the  pedestal ;  and  that,  in  speaking  of  the  Ionic  order,  he  only  mentions 
it  as  a  necessary  part  in  the  construction  of  a  temple,  without  intimating  that  it  belongs  to  the 
order  ;  it  may  perhaps  be  proper  to  consider  the  pedestal  as  a  separate  body,  having  no  more  con- 
nection with  an  order  than  an  attic  or  basement,  or  any  other  part  with  which  it  may  occasionally 
be  accompanied. 

17.  The  pedestal,  like  the  column,  or  entablature,  is  divided  into  three  parts,  the  base,  the  die, 
and  the  cornice.     The  die  is  almost  always  of  the  same  figure,  being  either  a  cube,  or  parallelepiped ; 
but  the  cornice  and  base  are  varied,  and  adorned  with  more  or  fewer  mouldings,  plain,  or  carved, 
according  to  the  simplicity  or  richness  of  the  order  with  which  it  is  employed.     There  are  no  fixed 
proportions  for  pedestals,  but  their  heights  are  regulated  according  to  the  nature  of  the  design  in 
which  they  are  employed ;  the  width  is,  however,  always  the  same  as  the  lower  torus  of  the  base  of 
the  column. 

18.  Pedestals  are  sometimes  useful  in  order  to  lessen  the  height  and  diameter  of  the  column,  and 
consequently  the  proportions  of  the  other  part  of  the  composition ;  but  they  should  never  be  used 
without  absolute  necessity,  particularly  when  the  columns  are  detached  from  the  building,  as  they 
always  give  the  order  a  ricketty  appearance  :  indeed  a  column  raised  on  a  pedestal  has  been  justly 
compared  to  a  man  mounted  on  stilts.     Occasionally,  in  the  interior  of  churches,  courts  of  justice, 
and  other  buildings,  where  a  large  number  of  persons  assemble,  and  it  is  desirable  that  the  whole 
order  should  be  viewed  at  once,  they  may  be  used  with  good  effect. 

19.  Pilasters  differ  from  columns  in  the  plan  only,  which  is  square,  whilst  that  of  the  column  is 
circular.     Their  bases,  capitals,  and  entablatures,  have  the  same  parts,  with  the  same  heights  and 
projections  as  those  of  columns,  and  have  sometimes  the  same  diminution  and  flutings.     They  are 
most  commonly  attached  to  walls,  having  a  projection  of  one-sixth  or  one-fourth  of  their  diameters, 
but  they  are  sometimes  insulated.     Pilasters  frequently  occur  in  the  remains  of  Roman  works  ;  the 
Greeks,  on  the  contrary,  more  generally  used  antic,  having  one  face,  the  width  of  the  column  they 
accompanied ;  whilst  on  the  flank  they  were  extremely  narrow,  and  the  capitals  and  bases  were 
totally  dissimilar  to  those  of  the  columns. 

20.  Some  writers  on  architecture — amongst  whom  may  be  more  especially  mentioned  the  Abbe 
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Laugier — have  inveighed  most  strongly  against  the  use  of  pilasters  on  any  occasion ;  contending  that 
they  are  nothing  better  than  bad  representations  of  columns  ;  that  their  angles  indicate  the  formal 
stiffness  of  art,  and  are  a  striking  deviation  from  the  simplicity  of  nature  ;  that  they  are  not  suscep- 
tible of  diminution,  one  of  the  most  pleasing  features  of  the  column  ;  and  that  their  use  is  altogether 
unnecessary,  inasmuch  as  columns  will  at  all  times  answer  the  purpose.  Notwithstanding  all  these 
objections,  pilasters  have  been,  and  doubtless  will  continue  to  be,  much  used ;  they  are  to  be  found 
in  the  remains  of  Grecian  and  Koman  works,  both  associated  with  columns  and  otherwise  ;  were 
much  used  by  the  great  restorers  of  architecture  in  the  fifteenth  century,  likewise  by  modern 
architects  of  all  nations ;  and  their  application  may  certainly  be  vindicated  on  every  principle  of 
reason  and  good  taste,  especially  where  economy  is  requisite  ;  for  although  it  must  be  acknowledged 
that  their  effect  is  inferior  to  that  of  columns,  yet  they  are  often  of  the  greatest  use,  especially  at 
the  angles  of  buildings  ;  even  an  entire  front,  decorated  with  pilasters,  if  designed  with  taste  and 
judgment,  may  be  made  to  produce  a  most  striking  and  beautiful  effect. 


SECTION    IX. 

A  GLOSSARY  OF  TERMS  PECULIAR  TO  THE  ORDERS  OF  ARCHITECTURE, 
OR  HAVING  IMMEDIATE  RELATION  THERETO. 


A. 

Abacus,  the  upper  member  of  the  capital  of  a  column.  In  the  Grecian  Doric  order  it  is  a  massive  square  plain  tablet 
which  serves  as  a  crowning  piece.  In  the  Ionic  order,  the  edges  of  the  abacus  are  moulded,  either  with  an  ovolo, 
or  ogee  moulding,  and  in  some  examples  enriched.  In  the  Corinthian  order,  each  face  of  the  abacus  is  of  a  concave 
form  and  moulded,  the  angular  points  being  cut  off,  except  in  some  few  instances ;  in  some  examples,  the  faces  are 
enriched  with  carving,  in  others  they  are  plain.  The  word  abaciscus  is  sometimes  used  as  synonymous  with  abacus. 

Acroterium,  the  extremity  or  vertex  of  any  thing.  It  usually  signifies  a  pedestal  or  base,  placed  on  the  angle  or  on 
the  apex  of  a  pediment,  for  the  purpose  of  supporting  a  vase  or  statue. 

Adit,  or  aditus.  the  approach  or  entrance  to  a  building. 

Anchor,  an  ornament  in  the  form  of  an  anchor,  or  arrow-head,  often  employed  in  the  echinus  or  ovolo,  between  the 

borders  which  surround  the  eggs.     It  is  sometimes  called  a  tongue- 
Angular  Capital,  a  term  generally  applied  to  the  modern  Ionic  Capital,  invented  by  Scamozzi,  having  the  four  faces 
alike.     It  is  likewise  used  to  designate  the  capitals  of  a  Grecian  edifice,  which  have  two  fronts  alike,  placed 
at  the  angles  of  porticoes,  in  order  that  the  capitals  of  the  angular  columns  may  correspond  with  those  of  the 
columns  in  the  flanks  as  well  as  the  front  of  the  building. 

Angular  Modillions,  the  modillions  which  are  placed  at  the  return  of  a  cornice,  in  the  diagonal  vertical  plane  passing 
through  the  angle  or  mitre  of  the  cornice.  They  frequently  occur  in  the  remains  of  the  buildings  at  Balbec  and 
Palmyra,  and  at  Spalatro. 

Annular  Mouldings  are  such  as  have  vertical  sides,  and  horizontal  circular  sections. 

Annulets,  the  annular  fillets  between  the  hypotrachelion  and  echinus  of  a  Doric  capital.  In  the  Roman  Doric  ordei, 
they  are  usually  three  in  number,  and  of  equal  size,  with  rectangular  sections.  In  the  Grecian  examples,  they  vary 
in  number  from  three  to  five ;  the  sinking  between  each  two  follows  the  line  of  the  echinus,  and  the  outer  sides  of 
the  fillets  form  a  curve  parallel  to  that  of  the  sinking ;  the  upper  side  of  each  is  perpendicular  to  the  curve,  and 
the  lower  side  is  concave  towards  the  space  between  each  two ;  the  concavity  begins  in  a  direction  perpendicular 
to  the  curve  of  the  moulding ;  the  flutings  of  the  shaft  terminate  under  the  lowest  annulet. 

Antee,  the  terminations  of  the  projecting  flank- walls  of  a  Grecian  temple  which  receive  or  support  the  architrave. 
The  ant;c  have  slight  projections  on  each  side  of  the  wall.  The  face  next  the  column  being  usually  the  mean  width 
between  the  superior  and  inferior  diameter  of  the  column,  the  breadth  of  the  face  of  the  antse  on  the  flanks  is  always 
much  narrower  than  the  other  faces.  The  ant  a;  have  capitals  and  bases  totally  dissimilar  to  those  of  the  column, 
formed  of  horizontal  mouldings,  more  or  less  enriched  according  to  the  order  they  accompany.  It  is  a  rule  in  the 
use  of  antae,  that  no  moulding  used  on  them  shall  exceed  their  projection. 

Apophyge,  a  concave  quadrantal  moulding,  joining  two  vertical  members  of  different  projections,  and  forming  an  exte- 
rior angle  with  that  which  has  the  greatest  projection,  and  a  tangent  with  the  other.  A  concave  quadrantal 
moulding  is  used  in  the  Ionic  and  Corinthian  orders  to  join  the  bottom  of  the  shaft  to  the  base,  likewise  to  connect 
the  top  of  the  shaft  with  the  fillet  under  the  astragal.  It  is  sometimes  called  the  scape  or  spring  of  the  column. 

Arceostyle,  a  species  of  intercolumniation  in  which  the  distance  between  the  columns  is  four  diameters.  It  is  chiefly 
used  in  the  Tuscan  order. 

Architrave,  the  division  of  the  entablature  which  rests  upon  the  column,  and  which  represents  the  lintelling  beam 
placed  over  the  columns,  and  the  outer  columns  for  supporting  the  cross  beams.  In  the  Grecian  remains,  the 
architraves  are  always  much  higher  than  in  the  Roman  examples :  the  soffites  of  the  architraves  in  Grecian  exam- 
ples always  exceed  the  upper  diameter  of  the  column,  but  in  the  Roman  they  are  equal  thereto. 

Architrave  Cornice,     See  Cornice, 
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Astragal,  a  moulding  having  usually  a  semicircular  section  projecting  from  a  vertical  diameter.  It  is  frequently  applied 
not  only  at  the  upper  end  of  the  shafts  of  columns,  but  likewise  in  their  bases  and  entablatures;  and  is  sometimes 
plain  and  sometimes  ornamented,  being  cut  into  beads  formed  alternately  of  oblate  and  prolate  spheroids ;  in  other 
instances,  into  figures  consisting  of  double  cones  with  cylindrical  parts  between  them. 

Attic  Base,  is  that  base  of  a  column  which  consists  of  an  upper  and  lower  torus,  a  scotia,  and  fillets  between  them. 
It  is  much  used  in  modern,  as  it  likewise  was  in  ancient  works. 

Attic  Order,  a  term  used  by  some  writers  on  architecture  to  denote  the  style  of  building  frequently  employed  in  the 
decoration  of  an  attic,  in  which  antae  or  small  pilasters  are  used. 

B. 

Baguette,  a  small  astragal  moulding,  sometimes  carved  and  enriched  with  beads,  ribands,   laurel,  &c.     When  the 

baguette  is  enriched  it  is  called  a  chaplet,  and  when  ornamented  a  bead. 
Baluster,  the  lateral  side  of  an  Ionic  capital,  contained  between  the  front  and  rear  volute ;  also  the  small  column  used 

in  a  balustrade. 
Band,  a  narrow  flat  surface,  having  its  face  in  a  vertical  plane,  as  the  band  of  the  Doric  architrave,  and  the  dentil 

band,  which  is  the  square  out  of  which  the  dentils  are  cut.     The  word  fascia  or  plat-band  is  usually  applied  to  broad 

members,  and  band  to  narrow  ones  wider  than  fillets.     Band  is  likewise  the  cincture  round  the  shaft  of  a  rusticated 

column. 
Bane,  that  part  of  a  column  between  the  shaft  and  the  pedestal. 

C. 

Cable,  a  moulding  of  a  convex  circular  section,  representing  a  rope  or  staff,  laid  in  the  flute  of  a  column.  It  is  always 
shorter  than  the  flute,  and  placed  at  the  lower  end  of  it ;  the  cabling  is  usually  about  one-third  of  the  height  of 
the  shaft.  This  species  of  ornament  is  of  rare  occurrence  in  classical  works. 

Canal  of  the  Ionic  volute,  the  spiral  channel,  or  sinking  on  the  face,  which  begins  at  the  eye  in  a  point,  and  expands  in 
width  until  the  whole  number  of  revolutions  are  completed.  The  term  canal  is  also  used  sometimes  (or  flute. 

Canal  of  the  Larmier,  the  channel  recessed  upwards  on  the  soffite,  for  preventing  the  rain  water  from  reaching  the 
bed  or  lower  part  of  the  cornice. 

Cant  Moulding,  a  bevelled  surface,  or  one  that  is  neither  perpendicular  to  the  horizon,  nor  to  the  vertical  surface  of 
the  body  of  the  building.  These  mouldings  are  of  very  remote  antiquity ;  a  cant  moulding  is  applied  instead  of  the 
echinus  to  the  capitals  of  the  columns  of  the  portico  of  King  Philip,  and  in  many  other  examples  of  Grecian  and 
Roman  antiquity. 

Canted  Columns,  a  column  wherein  the  horizontal  sections  are  polygons,  consisting  of  straight  sides  instead  of  concave 
sides  or  flutes.  Examples  may  be  seen  in  the  columns  of  the  portico  of  King  Philip,  and  those  of  the  temple  at 
Cora ;  but  they  are  rarely  met  with. 

Capital  of  a  Column,  the  assemblage  of  mouldings  or  ornaments  above  the  shaft  of  a  column  on  which  the  entablature 
rests ;  in  other  words,  the  head  or  uppermost  member  of  the  column.  The  capital  is  one  of  the  principal  features 
by  which  the  order  is  distinguished. 

Capital,  Angular.     See  Angular  Capital. 

Capital  of  a  Triglyph,  the  projecting  band  which  surmounts  the  plain  vertical  area  or  face.  In  the  Grecian  examples 
the  capital  of  the  triglyph  projects  but  a  very  little,  and  is  not  returned  on  the  flanks,  except  at  the  angular  tri- 
glyphs,  and  this  only  upon  each  face  of  the  building ;  but  in  the  Roman  Doric  examples,  the  capitals  of  the  triglyphs 
project  more  than  in  the  Grecian,  and  have  the  same  projections  on  the  flanks  as  on  the  face. 

Caryatic  Order,  an  order  of  architecture,  the  entablature  of  which  is  supported  by  female  figures  instead  of  columns; 
the  figures  themselves  are  called  Caryatidae,  Caryates,  or  Caryans.  The  origin  of  this  order,  as  related  by  Vitruvius, 
was  as  follows:  "  Carya,  a  city  of  Peloponnesus,  joined  the  Persians  in  their  war  against  the  Greeks;  these,  in 
return  for  the  treachery,  after  having  freed  themselves  by  a  most  glorious  victory  from  the  intended  Persian  yoke, 
unanimously  resolved  to  levy  war  against  the  Caryans.  Carya  was  in  consequence  taken  and  destroyed,  its  male 
population  extinguished  and  its  matrons  carried  into  slavery.  That  these  circumstances  might  be  better  remem- 
bered, and  the  nature  of  the  triumph  perpetuated,  the  victors  represented  them  draped,  and  apparently  suffering 
under  the  burthen  with  which  they  were  loaded  to  expiate  the  crime  of  their  native  city.  Thus  in  their  edifices 
did  the  ancient  architects,  by  the  use  of  their  statues,  hand  down  to  posterity  a  memorial  of  the  crime  of  the 
Caryens."  There  is  a  beautiful  example  of  this  order  in  the  temple  of  Pandrosus  at  Athens. 
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Caulicoli,  or  caulicola,  in  the  Corinthian  capital,  the  stalks  between  the  upper  row  of  leaves,  ramifying  upwards, 

each  into  two  foliated  branches,  and  seeming  to  support  the  volutes  under  the  abacus,  each  branch  supporting  one 

of  the  sixteen  volutes,  or  helices,  two  of  which  are  placed  at  each  angle,  and  two  in  the  middle  of  each  face  of  the 
,      abacus. 
Cavetto,  a  concave  moulding  or  cove,  the  curvature  of  the  section  of  which  does  not  usually  exceed  the  quarter  of  a 

circle.     It  is  principally  used  in  cornices 
Chapiter.     See  Capital. 
( '/in/ili  t,  a  small  carved  ornamented  fillet. 
Coffer,  a  recessed  pannel,  of  a  square  or  polygonal  figure,  anciently  used  in  level  soffites,  and  in  the  intradoses  of 

cylindrical  vaults.     Coffers  are  often  employed  in  the  soffites  of  the  cornice  of  the  Corinthian  and  Composite  orders, 

between  the  modillions.     The  term  is  often  applied  to  any  sunk  pannel  in  a  ceiling. 
Column,  in  a  general  sense,  is  a  vertical  support  of  a  body,  diminishing  upwards  in  its  horizontal  dimensions.     Besides 

the  several  species  of  columns  already  described  under  the  respective  orders,  there  are  several  others  known  to 

architects. 
Carolytic  columns  have  foliated  shafts  decorated  with  leaves  and  branches  winding  spirally  round  them,  or  disposed  in 

the  forms  of  crowns  and  festoons.     They  were  used  by  the  ancients  to  support  statues. 

Twisted  columns,  making  several  circumvolutions  in  the  height  of  the  shaft,  after  the  manner  of  a  screw,  and  some- 
times having  several  threads  or  screws  following  one  another  in  the  same  circumference,  are  sometimes  used.     These 

are  likewise  called  spiral  columns. 

Niched  columns,  are  such  as  are  placed  in  a  niche,  with  the  axis  of  the  column  in  the  plane  of  the  wall. 
The  ancients  had  likewise  their  agricultural,  astronomical,  boundary,  chronological,  funereal,  gnomonic,  historical, 

indicative,  itinerary,  lactary,  leg'il,  manubiary,  menian,  military,  milliary,  phosphorical,  rostral,  statuary,  symbolical, 

or  zoophoric  columns. 
Conge.     See  Apophyge. 
Cornice  of  an  order,  the  secondary  member  of  the  order  itself,  or  a  primary   member  of  the  entablature.      The 

entablature  being  divided  into  three  principal  parts,  the  upper  one  is  the  cornice.     Cornices  are  of  several  kinds, 

viz. : — , 
An  architrave  cornice  rests  upon  the  architrave,  the  frieze  being  omitted.     An  example  of  this  species  of  cornice  may 

be  seen  in  the  temple  of  Pandrosus  at  Athens,  over  the  Caryatic  order;  cornices  of  this  description  are  adapted 

to  situations  where  a  regular  entablature  would  be  out  of  proportion  to  the  body  which  it  crowns. 
A  mutule  cornice  is  appropriate  to  the  Doric  order,  the  mutules  having  inclined  soffites. 

A  dentil  cornice  has  a  denticulated  band  and  is  usually  used  with  the  Ionic  order,  sometimes  with  the  Corinthian. 
A  modillion  cornice,  is  one  in  which  modillions  are  employed  to  support  the  corona  instead  of  mutules :  it  is  generally 

used  with  the  Corinthian  order. 

A  block  cornice,  is  that  where  plain  rectangular  prisms  with  level  soffites  are  placed  to  support  the  corona. 
Corona,  one  of  the  principal  members  of  a  cornice,  having  a  broad  vertical  face  and  a  bold  projection.     The  solid  out 

of  which  it  is  formed  is  generally  recessed  upwards  from  its  soffite :  it  is  often  called  the  drip  from  the  circumstance 

of  its  discharging  the  rain  water  in  drops  from  its  edge,  and  by  this  means  sheltering  the  subordinate  parts  below : 

it  is  likewise  sometimes  termed  the  larmier. 
Coupled  Columns,  such  as  are  disposed  in  pairs,  so  that  the  capitals  and  bases  almost  touch,  there  being  but  a  space 

equal  to  half  a  diameter  between  the  shafts. 
Cyma-recta,  a  moulding  or  member  of  a  cornice,  the  profile  of  which  is  waved,  being  concave  at  top  and  convex  at 

bottom. 
Cyma-reversa,  a  moulding  formed  of  two  members,  being  convex  at  top  and  concave  at  the  bottom,  consequently  the 

reverse  of  a  cyma-recta.     It  is  commonly  called  the  ogee  moulding. 
Cymatium,  the  uppermost  moulding  of  a  cornice,  the  section  of  which  is  usually  a  curve  of  contrary  flexure. 

D. 

Dado,  that  part  of  the  pedestal  of  a  column  which  is  between  the  base  and  cornice. 

Decastyle,  a  species  of  temple  having  ten  columns  in  front. 

Dentils,  similar  and  equal  solids  disposed  in  a  row  at  equal  intervals  in  a  cornice,  each  presenting  four  sides  of  a 
rectangular  prism ;  the  side  parallel  to  the  vertical  face,  and  the  one  parallel  to  the  soffite,  being  attached  to  the 
vertical  and  horizontal  planes  of  an  internal  right  angle.  The  whole  series  of  dentils  in  the  same  range  is  called 
the  denticulated  band.  The  proportions  for  dentils,  according  to  Vitruvius,  are  that  the  dentil  band  is  to  be  equal 
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in  height  to  the  middle  fascia  of  the  architrave,  and  the  projection  to  be  the  same  as  the  height;  the  width  of 
the  dentil  to  be  one-half  its  height,  and  the  intervals  between  them  to  be  two-thirds  of  the  width  of  the  dentil. 
Dentils  are  most  commonly  used  in  the  Ionic  and  Corinthian  orders;  the  Doric  order  of  the  theatre  of  Marcellm 
at  Rome  likewise  has  dentils  in  the  cornice.  There  are  some  ancient  examples  where  the  dentil  band  is  introduced 
into  the  cornice,  but  the  dentils  are  not  cut. 

Diameter  of  a  Column,  the  thickness  of  the  lowest  part  of  the  shaft  of  a  column.  The  proportions  of  the  several  parts 
of  an  order  are  regulated  by  a  measure  formed  by  the  lower  diameter  of  the  column  called  a  module,  and  usually 
divided  into  sixty  parts  called  minutes. 

Diastyle,  that  method  of  spacing  columns  in  which  the  intercolumniation  is  equal  to  three  diameters  of  the  column. 

Die  of  a  Pedestal,  that  part  contained  between  the  base  and  cornice. 

Diglyph,  a  tablet,  or  projecting  face,  with  two  indentations  or  channels  placed  in  the  frieze  of  a  cornice. 

Diminution  of  Columns,  the  continued  contraction  of  the  diameter  from  the  base  to  the  top  of  the  shaft.  Sometimes 
columns  diminish  gradually  from  the  bottom  to  the  top;  in  other  examples,  the  diminution  commences  from  one- 
third  of  the  distance  from  the  bottom. 

Ditriglyph,  an  arrangement  presenting  two  triglyphs  over  the  intercolumn,  that  is,  if  in  two  adjoining  columns  a  tri- 
glyph  be  placed  with  its  middle  over  each,  the  ditriglyph  will  contain  three  metopes  or  spaces,  two  half  triglyphs, 
and  two  whole  triglyphs. 

Dodecastyle,  a  species  of  temple  having  twelve  columns  in  front. 

Drip.     See  Corona. 

Drops,  small  pendant  cyb'nders,  or  the  frustums  of  cones  attached  to  a  vertical  surface ;  the  axis  of  the  cylinders  or 
cones  having  also  a  vertical  position,  and  their  upper  ends  attached  to  a  horizontal  surface.  Drops  are  used  in  the 
cornice  of  the  Doric  order  under  the  mutules,  and  in  the  architrave  under  the  triglyphs :  each  mutule  has  three 
rows  from  front  to  rear,  with  six  drops  in  each  row,  disposed  at  equal  distances  in  lines  parallel  to  the  front;  the 
drops  on  the  architrave  are  likewise  six  in  number  under  each  triglyph,  disposed  at  equal  distances  from  each  other. 
In  the  Grecian  examples  the  drops  are  almost  always  of  a  cylindrical  form :  in  the  Roman  examples  they  are  frustums 
of  cones,  as  they  are  likewise  in  some  of  the  temples  at  Paestum. 

E. 

Echarpe,  the  small  moulding  which  marks  the  middle  and  forms  the  band  of  the  balustre  in  the  volute  of  an  Ionic 
capital. 

Echinus,  a  convex  moulding  much  employed  in  cornices,  and  in  the  Doric  and  Ionic  capitals,  and  usually  having  orna- 
ments carved  therein  representing  eggs.  In  the  Roman  examples  it  is  most  frequently  a  quarter  of  a  circle,  and  is 
called  ovolo. 

Ecphora,  the  projection  of  any  moulding  before  the  face  of  the  one  below  it. 

Eggs,  ornaments  in  the  form  of  oblong  spheroids,  having  their  greater  axis  inclined,  projecting  at  the  top  and  receding 
at  the  bottom,  but  each  axis  in  a  plane  perpendicular  to  the  surface  of  the  ovolo.  The  eggs  are  generally  truncated, 
and  have  their  upper  part  cut  off  by  a  plane  parallel  to  the  horizon.  Each  truncated  spheroid  is  surrounded  by  a 
border  of  an  elliptic  figure,  in  close  contact,  showing  somewhat  more  than  a  semi-ellipsis,  the  shorter  axis  being 
horizontal.  In  the  space  between  each  egg  is  a  tongue,  or  as  it  is  sometimes  termed  anchor,  the  front  edge  of  which 
comes  in  contact  with  the  surface  of  the  original  moulding. 

Entablature,  the  whole  of  that  part  of  an  order  which  is  supported  by  the  column.  It  consists  of  three  parts,  the 
architrave  or  beam  which  rests  upon  the  capitals  of  the  column,  the  frieze  formed  by  a  row  of  cross  beams  which 
are  supposed  to  support  the  ceiling,  and  the  cornice  the  various  members  of  which  represent  the  timbers  of  the  roof. 

Entasis,  the  enlargement  or  swelling  of  the  shaft  of  a  column,  found  in  almost  all  Grecian  examples. 

Epistyle,  or  Epistylium,  the  architrave. 

Eustyle,  the  disposition  of  columns  in  which  the  intervals  are  exactly  two  diameters  and  a  quarter.  This  intercolum- 
niation has  been  much  used  both  by  the  ancients  and  moderns 

Eye,  of  a  volute,  the  circle  at  the  centre,  from  the  circumference  of  which  the  spiral  commences :  called  likewise  the 
cathelus. 

Eyebrow,  a  name  sometimes  given  to  the  fillet. 

F. 

Fascia,  a  vertical  member  in  the  combination  of  mouldings,  having  a  very  small  projection,  but  considerable  breadth, 
such  as  the  bands  of  an  architrave. 
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Fillet,  a  small  member  consisting  of  two  planes  at  right  angles,  used  to  separate  two  larger  mouldings,  or  to  form  a 
cap  or  crowning  to  a  moulding.  The  intervals  or  small  bands  between  the  flutes  of  a  column  or  other  body  are 
termed  fillets 

Flutes,  or  Flutings,  prismatic  cavities  depressed  within  the  surface  of  a  column,  or  any  piece  of  architecture,  at  regular 
distances,  and  generally  having  a  circular  or  elliptical  section,  either  meeting  each  other  in  an  arris,  or  meeting 
the  surface  in  an  arris,  and  leaving  a  portion  of  the  surface  between  either  two  cavities  of  an  equal  breadth,  or 
diminishing  in  regular  progression. 

Frieze,  or  Prize,  the  middle  principal  member  of  the  entablature  which  separates  the  cornice  from  the  architrave. 
Friezes  are  of  various  forms,  usually  flat,  but  sometimes  convex,  and  in  a  few  instances  formed  of  two  curves  of  ii 
contrary  flexure.  Friezes  are  often  ornamented  with  foliage,  sculpture,  and  symbolical  devices  of  various  descrip- 
tions, according  to  the  nature  and  destination  of  the  structure. 

Fusarole,  a  semicircular  member  cut  into  beads,  generally  placed  under  the  echinus  of  the  Ionic  and  Composite 
capitals. 

Fust,  the  shaft  of  a  column :  the  part  comprehended  between  the  base  and  capital. 

G. 

Gorge,  a  concave  moulding  less  recessed  than  a  scotia.  This  word  is  sometimes  used  for  the  cyma-recta :  likewise  the 
space  between  the  astragal,  at  the  top  of  the  shaft  of  a  Doric  column,  and  the  annulets. 

Grouped  Columns,  or  Pilasters.  Columns  are  said  to  be  grouped  when  two  or  more  are  connected  together,  or  placed 
upon  the  same  pedestals. 

Gula,  or  Guele,  the  same  as  cyma-reversa  or  ogee. 

Guttce.     See  Drops. 

H. 

Helices,  little  scrolls  in  the  Corinthian  capita],  called  also  urilla:. 
Hem,  the  protuberant  part  of  the  Ionic  capital  formed  by  the  spiral  fillets. 
Hunitriglyph,  the  half  triglyph. 
Hypaethral,  a  building  or  temple  without  a  roof. 

tfypotrachelion,  that  part  of  a  Roman  Doric  capital  comprehended  between  the  astragal  at  the  top  of  the  shaft,  and 
the  fillet  or  annulets  under  the  ovolo. 

I. 

Impost,  the  capital  of  a  pier,  or  pilaster,  which  receives  an  arch 

Inserted  Column,  a  column  let  into  the  wall.     An  example  of  this  disposition  of  columns  may  be  seen  in  the  Vatican, 

designed  by  M.  Angelo. 

Insulated  Column,  a  column  that  stands  quite  clear  of  a  wall. 

Inter  calumniation,  the  distance  between  columns,  measured  by  their  lower  diameters. 
Interdentil,  the  space  between  the  dentils.     It  is  sometimes  two-thirds,  sometimes  nearly  three-fourths  of  the  breadth 

of  the  dentil. 

Intermodillion,  the  space  between  two  modillions. 
Isagon,  a  figure  with  equal  angles. 

L. 

Larmier.     See  Corona. 

Lozenge,  a  quadrilateral  figure  of  four  equal  sides,  with  oblique  angles. 

M. 

Merof,  the  middle  part  of  a  triglyph. 

Metoche,  a  term  used  by  Vitruvius  to  signify  the  space  or  interval  between  the  dentils  of  the  Ionic,  or  triglyphs  of  the 

Doric  order.     Perhaps  the  word  should  be  metatome. 
Metope,  the  interval  between  the  triglyphs  in  the  Doric  frieze.    It  may  be  either  plain  or  decorated.    In  some  instances 

it  appears  to  have  been  left  quite  open. 
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Minute,  an  equal  portion  of  a  module,  sometimes  one-sixtieth  part,  but  usually  only  one-thirtieth  part. 

Modillion,  mutules  carved  into  consoles,  placed  under  the  soffite  or  bottom  of  the  corona  in  the  Corinthian  and  Com- 
posite orders  at  equal  distances,  giving  support  to  the  larmier  and  corona.  There  are  many  different  examples  of 
modillions  amongst  the  remains  of  antiquity. 

Module,  a  certain  measure  taken  at  pleasure  for  regulating  the  proportions  of  columns,  and  other  parts  of  a  building. 
Architects  usually  choose  the  diameter  or  semi-diameter  of  the  bottom  of  the  column  for  their  module,  and  ihis 
they  subdivide  into  parts  called  minutes.  Vignola  divides  his  module,  which  is  a  semi-diameter,  into  twelve  parts 
for  the  Tuscan  and  Doric  orders,  and  into  eighteen  for  the  other  orders.  The  module  of  Palladio,  Scamozzi, 
Freart  de  Chambray,  Desgodetz,  and  Le  Clerc,  which  is  likewise  a  semi-diameter,  is  divided  into  thirty  parts  or 
minutes  in  all  the  orders.  Some  divide  the  whole  height  of  the  column  into  twenty  parts  for  the  Doric,  twenty, 
two  and  a  half  for  the  Ionic,  and  twenty-five  for  the  Roman,  and  one  of  those  parts  they  make  a  module. 

Mono-trlglyph,  having  only  one  triglyph  between  two  columns. 

Mmildings.     See  SECTION  II. 

Mutules,  the  projecting  blocks  in  a  Doric  cornice  which  appear  to  support  the  corona  and  superior  members  of  the 
cornice,  the  soffite  being  an  inclined  plane  and  representing  the  ends  of  the  rafters  in  the  original  modern  structures. 

N. 

ffcck  of  a  Capital,  the  space  between  the  channelures  and  the  annulets  of  the  Grecian  Doric  capital.  In  the  Roman 
Doric  it  is  the  space  between  the  astragal  and  the  annulet:  some  examples  of  the  Ionic  order  likewise  have  neck- 
ings, though  most  of  the  antique  examples  are  without  them. 

A'iclie,  a  cavity  or  hollow  in  the  thickness  of  a  wall. 

O. 

Obelisk,  a  pillar  of  a  rectangular  form,  gradually  diminishing  towards  the  summit,  and  terminating  in  a  pyramidioa,  or 

small  flat  pyramid. 

Ogee,  a  compound  moulding,  the  upper  part  being  convex  the  lower  part  concave. 
Ovolo,  a  moulding  the  profile  of  which  is  a  quarter  of  a  circle ;  called  likewise  the  quarter-round 

P. 

Patera,  an  ornament  frequently  introduced  in  friezes,  fascias,  and  imposts,  over  which  are  hung  festoons  of  husks  and 
flowers.  Pateras  are  sometimes  much  enriched  with  foliage,  and  have  a  mask  or  head  in  the  centre. 

Paternosters,  ornaments  in  the  form  of  beads,  either  round  or  oval,  used  on  baguettes,  astragals,  &c. 

Peristyle,  a  continued  range  of  columns  of  a  straight  or  circular  form. 

Persian  order,  an  order  in  which  the  representations  of  men  are  introduced  supporting  the  entablature,  in  the  same 
manner  as  the  figures  of  women  are  in  the  Caryatic  order.  This  order  was  first  used  by  the  Athenians  on  the 
occasion  of  a  victory  that  Pausanias  obtained  over  the  Persians,  representations  of  whom  were  introduced  with 
their  hands  bound  and  other  characteristic  marks  of  slavery  supporting  a  heavy  entablature. 

Pilaster,  a  square  column  sometimes  insulated,  but  more  frequently  let  into  a  wall,  and  only  projecting  one-fourth  or 
one-fifth  part  of  its  thickness.  The  pilaster  borrows  its  name  from  the  order  it  accompanies,  or  whose  character 
and  proportions  it  resembles. 

1  'tllar,  a  kind  of  irregular  column  round  and  insulate,  but  deviating  from  the  just  proportions  of  a  column 

Plafon/l,  the  bottom  of  the  projecture  of  the  larmier  of  the  cornice,  called  also  the  soffite. 

Platband,  any  square  flat  moulding  the  height  of  which  much  exceeds  its  projection ;  such  are  the  faces  of  an  archi- 
trave and  the  platbands  of  the  modillions  of  a  cornice. 

Plinth,  a  square  piece  under  the  base  of  a  column. 

Profile,  the  contour  or  outline  of  a  figure,  such  as  a  collection  of  mouldings  in  a  cornice  or  architrave,  &c. 

Pycnostyle,  the  smallest  intercolumniation  mentioned  by  Vitruvius,  being  an  arrangement  of  columns  wherein  the 
space  between  them  does  not  exceed  one  diameter  and  a  half. 

Q. 

Quarter-round,  a  moulding  approaching  to  a  quadrant,  such  as  the  ovolo  or  echinus. 
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R. 

Rustle  order,  a  species  of  building  decorated  with  square  blocks,  the  faces  of  which  are  hatched  or  roughly  picked 
with  a  hammer. 


Scotia,  a  recessed  moulding  of  an  elliptical  or  circular  section,  placed  between  the  upper  and  lower  torus  in  the  bases 

of  columns.     It  is  called  likewise  trocfiilus. 
Scroll.     See  Volute. 
Shaft  of  a  Column,  that  part  of  a  column  which  may  be  denominated  the  frustum  of  a  conoid,  between  the  base  and 

the  capital. 
Sima.     See  Cyma. 
Sima-recta.     See  Cyma-recta. 
Sima-reversa.     See  Cyma-reversa. 

Soffite,  the  underside  of  mouldings  which  are  projected  upon  a  horizontal  plane,  such  as  the  corona. 
Systyle,  the  intercolumniation  in  which  the  columns  are  placed  at  two  diameters  apart. 

T. 

Tamia,  a  small  square  fillet  at  the  top  of  the  architrave  in  the  Doric  capital. 

Taloir,  a  term  sometimes  used  for  the  abacus. 

Talon,  the  French  name  for  the  ogee. 

Terminus,  a  trunk  or  pedestal  adorned  at  the  top  with  a  figure  of  the  head  of  a  man,  woman,  or  satyr,  whose  body 

seems  to  be  enclosed  in  the  trunk  as  in  a  sheath  which  usually  tapers  downwards. 

Torus,  a  moulding  having  usually  a  semicircular  or  semi-elliptical  section,  used  in  the  bases  of  columns. 
Triglyphs,  the  tablets  in  the  Doric  frieze  champhered  on  the  two  vertical  edges,  and  having  two  channels  in  the 

middle,  called  glyphs. 
Trochilus.     See  Scotia. 

V. 

Volute,  one  of  the  principal  ornaments  in  the  Ionic  capital,  composed  of  two  or  more  spirals  of  the  same  species, 
having  one  common  eye  and  centre,  variously  channelled  and  hollowed  out  in  the  form  of  mouldings. 


Zocle,  or  Socle,  a  low  square  member  serving  to  support  a  column  instead  of  a  pedestal. 

Zophorus,  the  frieze,  so  called  by  the  ancients,  because  that  part  of  the  order  was  usually  decorated  with  the  repre- 
sentation of  animals. 


ELEMENTS  AND  PRACTICE  OE  GEOMETRY. 


2n 


*,*  It  has  been  found  advisable  to  alter  the  arrangement  of  the  different  Parts 
of  the  present  edition  of  '  The  Builder's  and  Workman's  Director,  as  indicated  in 
the  Prospectus  ;  and  to  make  the  Historical  Notices  of  Domestic  Architecture 
ths  Seventh  Part  of  the  Work. 


PART  IV. 

ELEMENTS  AND  PRACTICE  OF  GEOMETRY. 

SECTION  I. 

ELEMENTS  OF  GEOMETRY. 

GEOMETRY  is  the  science  of  quantity,  form,  and  dimension,  and  has  for  its  object  the  development  of 
those  principles  by  which  solids,  surfaces,  lines,  and  angles  may  be  measured  and  compared. 

Practical  geometry  teaches  the  method  of  constructing  figures,  and  describing  angles  and  lines, 
according  to  certain  conditions,  which  are  mostly  assumed  with  reference  to  practical  application. 

Axioms  are  propositions  of  which  the  truth  at  once  appears. 

Demonstration  is  an  argument  founded  upon  axioms,  or  other  facts  already  known,  in  order  to 
ascertain  the  truth  of  some  assertion,  or  the  correctness  of  some  operation  proposed  to  be  performed. 

When  any  operation  is  proposed  to  be  performed,  the  proposition  is  called  a  problem ;  but  when 
merely  the  truth  of  some  assertion  is  proposed  to  be  demonstrated,  the  proposition  is  called  a 
theorem. 

Postulates  are  petitions  respecting  the  possibility  of  certain  operations  that  may  evidently  be  per- 
formed. 

A  reductio  ad  absurdum  is  a  proposition  of  which  the  truth  can  only  be  elicited  by  indirect  means, 
with  the  assistance  of  axioms  only  ;  and  this  method  consists  in  showing  that  every  other  supposition 
besides  that  proposed  is  absurd. 

A  lemma  is  the  demonstration  of  some  premise,  in  order  to  render  the  thing  proposed  more  easy 
to  be  comprehended. 

A  scholium  is  a  remark  or  observation  made  upon  something  going  before. 

A  corollary  is  a  consequent  truth  gained  by  a  definition,  or  some  preceding  truth  in  a  demon- 
stration. 

An  hypothesis  is  a  supposition  or  assumption  made,  either  in  the  enunciation  of  a  proposition,  or 
in  the  course  of  a  demonstration. 

SIGNIFICATION  OF  SIGNS. 

The  sign  =  denotes  that  the  quantities  between  which  it  is  placed  are  equal ;  and  is  therefore 
read  "  equal  to,"  or  "  is  equal  to." 

The  c—  denotes  that  the  quantity  which  precedes  it  is  greater  than  that  which  follows  it ;  and  is 
therefore  read  "greater  than,"  or  "is  greater  than." 

The  -a  denotes  that  the  quantity  which  precedes  it  is  less  than  that  which  follows  it;  and  is  read 
"  less  than,"  or  "  is  less  than." 

The  sign  +  denotes  that  the  quantity  which  follows  it  is  to  be  added  to  that  which  goes  before  it. 
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The  sign  —  denotes  that  the  quantity  which  follows  it  is  to  be  subtracted  from  that  which  is 
placed  before  it. 

The  sign  L.  signifies  an  angle;  and  is  therefore  read  "angle." 
The  sign  A  signifies  a  triangle;  and  is  therefore  read  "  triangle." 

AXIOMS. 

1.  Things  which  are  equal  to  the  same  thing  are  equal  to  one  another. 

2.  The  whole  is  equal  to  the  sum  of  all  its  parts. 

3.  If  to  equal  things  equal  things  be  added,  the  wholes  will  be  equal. 

4.  If  from  equal  things  equal  things  be  taken  away,  the  remainders  will  be  equal. 

5.  If  to  unequal  things  equal  things  be  added,  the  sums  will  be  unequal. 

6.  If  from  unequal  things  equal  things  be  taken  away,  the  remainders  will  be  unequal. 

POSTULATES. 

1.  A  straight  line  may  be  drawn  from  one  given  point  to  another. 

2.  A  straight  line  may  be  prolonged  or  continued  at  pleasure. 

3.  From  any  centre  and  with  any  given  radius  a  circle  may  be  described. 

4.  A  straight  line  may  be  drawn  perpendicular  to  another  from  any  assigned  point  in  that  other. 

5.  A  straight  line  may  be  made  equal  to  another. 

6.  A  straight  line  may  be  made  equal  to  any  part  of  another,  or  any  part  of  a  straight  line  may 
be  cut  off. 

7.  A  rectilineal  angle  may  be  made  equal  to  any  part  of  another,  or  any  part  of  a  given  angle 
may  be  found. 

DEFINITIONS. 

1.  A  solid  is  that  which  fills  a  certain  portion  of  space,  so  as  to  prevent  every  other  solid  from 
occupying  that  space. 

2.  A  surface,  or  superficies,  is  the  boundary  of  a  solid;  or  the  surface  of  a  solid  is  that  part  of  it 
that  may  be  seen  and  felt. 

3.  A  point  is  that  which  indicates  a  certain  position  on  a  surface,  or  in  a  solid,  but  is  no  portion 
of  such  surface  or  solid.* 

4.  If  a  pencil  or  other  pointed  instrument  be  drawn  upon  a  surface,  the  trace  it  leaves  behind 
upon  that  surface  is  called  a  line. 

Fig.  1. 


Coroll.  Hence  a  line  has  continuity,  but  if  divided  into  two  parts,  each  extremity  thus  cut  is  a 
point. 

*  The  smallest  mark  that  can  be  made  so  as  to  be  seen  is  in  practice  called  a  point,  and  is  usually  formed  with  a  pen 
or  pencil,  or  in  a  drawing  with  one  extremity  of  a  compass. 
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5.  Straight  lines  are  such  as  being  applied  to  each  other  in  every  direction,  touch,  or  coincide 
throughout  their  whole  length. 

Coroll.   Hence  two  straight  lines  cannot  enclose  a  space.* 

6.  If  a  straight  line  touch  a  surface  throughout  the  whole  length  of  the  line  in  every  direction  m 
which  it  can  be  applied,  such  surface  is  called  a  plane  surface,  or  simply  a  plane. 

7.  The  distance  between  two  points  is  the  straight  line  reaching  from  one  of  the  points  to  the  other. 

8.  One  line  AB  is  said  to  meet  another  CD  when  the  extremity  B  of  the  one  falls  on  the  other 

line  CD. 

Fig.  2. 


9.  One  line  is  said  to  cut  another,  when  either  of  these  two  lines  divides  the  other  into  two  parts. 

10.  An  intersection  is  the  cross  formed  by  two  lines  cutting  each  other. 

Fig.  3,  No.  1 .        Fig.  3,  No.  2.        Fig.  3,  No.  3. 


Once  for  all,  it  is  only  necessary  to  state,  that,  when  lines  are  mentioned  without  any  other  word 
to  restrain  their  signification  than  the  simple  word  line,  a  straight  line  is  implied ;  and  thus  all  lines 
in  the  definitions  or  construction  of  diagrams  are  understood  to  be  straight  lines. 

When  lines  of  any  other  kind  are  meant,  a  word  of  distinction  will  always  be  introduced. 

11.  Two  straight  lines  are  said  to  be  parallel  when  there  is  always  the  same  distance  between 
them,  and  if  produced  ever  so  far  at  either  end  would  never  meet. 

Fig.  4. 


12.  When  any  two  lines  of  any  number  are  parallel,  the  whole  number  are  called  parallels,  and 

auy  one  of  them  is  called  a  parallel. 

Fig.  5. 


*  Thus  suppose  two  very  thin  boards  are  set  together  in  contact  face  to  face,  and  their  edges  shot;  then  let  the  edge 
of  the  one  board  be  brought  into  contact  with  the  edge  of  the  other  board ;  if  no  light  appears  between  the  two  edges, 
each  edge  is  straight,  and  is  therefore  called  a  straight  edge. 

Another  method  of  proving  a  straight  edge  upon  the  same  principle,  is  as  follows:  shoot  the  edge  of  a  board  as  before, 
lay  its  face  upon  the  planed  face  of  another  board,  and  draw  a  line  along  the  edge  thus  shot  upon  the  planed  face  of  the 
board  under  it.  Mark  two  points  in  the  line  so  drawn,  and  upon  the  edge  of  the  board  over  the  line  make  marks  at  tl"; 
same  two  points.  Lay  the  upper  side  of  the  upper  board  upon  the  planed  face  of  the  under  board,  and  upon  the  other 
side  of  the  line,  and  bring  the  two  marks  or  points  in  the  planed  edge  to  the  two  points  in  the  line;  then,  if  the  edge 
coincide  with  the  line,  the  line  is  straight;  but  if  it  does  not,  the  operation  of  shooting  the  edge  must  be  repeated. 

The  term  straight  edge  is,  however,  applied  by  workmen  to  any  board  which  has  one  straight  edge,  and  which  is  used 
for  the  purpose  of  drawing  straight  lines;  since  the  edge  cannot  exist  without  the  board,  which  must  be  used  as  a  hand'e 
in  order  to  apply  its  straight  edge  in  drawing. 
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13.  If  any  given  number  of  straight  lines,  when  produced,  all  meet  in  one  point,  they  are  called 

converging  lines,  or  centrolineals. 

Fig.  6. 


14.  An  angle  is  the  space  contained  between  two  straight  lines  which  meet  each  other,  but  not 
in  the  same  straight  line ;  and  the  point  where  the  two  straight  lines  meet  is  called  the  point  of  the 
angle,  or  point  of  meeting,  or  point  of  concourse,  or  simply  concourse. 

Fig.  7,  No.  1.  Fig.  7,  No.  2. 


15.  Each  of  the  two  straight  lines  which  form  an  angle  is  called  a  leg,  and  sometimes  a  side. 

16.  One  angle  A  is  greater  than  another  B,  if  when  A  be  applied  to  B,  so  that  the  point  of  the 
angle  A  may  be  upon  that  of  B,  and  one  of  the  legs  of  A  upon  one  of  the  legs  of  B,  the  remaining 
leg  of  B  falls  without  the  space  contained  by  the  legs  of  A. 

Fig.  8,  No.  1.  Fig.  8,  No.  2. 


A.^ 


17.  One  angle  A  is  less  than  another  angle  B,  if  when  A  is  applied  to  B,  so  that  the  angular 
point  of  A  may  be  upon  that  of  B,  and  one  leg  of  A  upon  one  leg  of  B,  the  remaining  leg  of  A  falls 
within  the  space  contained  by  the  legs  of  B.* 

Fig.  9,  No.  I.  Fig.  9,  No.  2. 


18.  When  the  two  angles  formed  by  a  straight  line  crossing  one  extremity  of  another  straight  line 
are  equal,  each  of  the  equal  angles  is  called  a  right  angle. t 

Fig.  10. 


*  The  magnitude  of  an  angle  is  not  dependent  on  the  length  of  its  legs  (as  young  beginners  are  apt  to  suppose),  but 
upon  the  opening. 

t  This  and  the  preceding  definition  are  the  criterion  to  prove  the  truth  of  the  instrument  called  a  square,  which 
Carpenters  and  Joiners  use  for  making  the  faces  of  their  stuff  at  right  angles  with  each  other.  The  workman  applies 
the  inner  edge  of  the  stock  of  the  square  to  the  straight  edge  of  a  board,  so  that  the  under  side  of  the  blade  may  be 
coincident  with  the  surface  of  that  board;  and  by  one  of  the  edges  of  the  blade  of  the  square,  with  a  sharp-pointed 
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19.  In  two  right  angles  formed  by  a  straight  line  crossing  one  extremity  of  another,  the  line 
which  divides  the  other  is  called  a  perpendicular  to  the  divided  line. 

Fig.  11. 
C 


-11 


D 

Thus  the  straight  line  CD  is  called  the  perpendicular ;  and  the  other  straight  line  AB  is  some- 
times called  the  base. 

20.  In  two  right  angles  formed  by  a  straight  line  crossing  one  extremity  of  another,  the  dividing 
line  is  said  to  stand  at  right  angles  to  the  divided  line. 

So  that  when  it  is  said  that  such  a  line  is  at  right  angles  to  such  another  line,  it  is  equivalent  to 
saying,  that  line  is  perpendicular  to  the  other  line. 

21.  An  obtuse  angle  is  that  which  is  greater  than  a  right  angle. 

Fig.  12. 


22.   An  acute  angle  is  that  which  is  less  than  a  right  angle. 

Fig.  13. 


23.  A  figure,  or  plane  figure,  is  that  which  is  enclosed  by  one  or  more  lines. 

24.  The  lines  which  enclose  a  figure  are  called  the  sides  of  that  figure. 

The  side  of  a  figure  next  to  the  bottom  of  the  paper  is  generally  called  the  base,  by  way  of  dis- 
tinction from  the  other  sides ;  though  occasionally  any  side  may  be  considered  as  the  base. 

In  this  treatise,  every  side  of  a  figure  is  considered  to  be  a  straight  line,  unless  otherwise  specified. 

In  every  subsequent  definition,  a  figure  is  supposed  to  be  drawn  upon  a  plane  surface,  according 
to  the  conditions  specified  in  the  definition ;  or,  if  the  figure  limit  the  extension  of  the  surface,  it  is 
supposed  to  be  such  as  will  coincide  with  a  plane. 

25.  Equilateral  or  equal-sided  figures  are  such  as  are  enclosed  by  equal  straight  lines. 

instrument,  draws  a  line  on  that  surface:  he  then  turns  the  square,  so  that  the  other  side  of  the  blade  may  be  coincident 
with  the  surface  of  the  board,  and  the  inner  edge  of  the  stock  of  the  square  coincident  with  the  edge  of  the  board,  and 
the  same  edge  of  the  blade  before  used,  upon  some  part  or  point  of  the  line  thus  drawn;  then,  if  this  edge  of  the  blade 
of  the  square  coincide  entirely  with  the  line,  the  said  square  is  adjusted,  and  the  inner  edge  of  the  stock  and  that  edge 
of  the  blade  used  will  form  a  right  angle;  but  if  the  edge  of  the  blade  cross  the  line,  the  square  is  not  true,  and  requires 
adjustment. 

When  the  two  faces  of  a  piece  of  stuff  form  a  right  angle,  the  one  face  is  said  to  be  square  to  the  other;  and  when 
every  two  adjoining  faces  are  made  square,  the  stuff  is  said  to  be  squared. 
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26.  Equiangular  figures  are  those  which  have  the  angles  contained  by  their  sides  equal  to  each  other. 

27.  Opposite  sides  of  a  figure  are  such  two  sides  as  have  the  same  number  of  intermediate  sides 
connecting  each  of  their  extremities. 

28.  Opposite  angles  of  any  figure  are  any  two  angles  that  have  an  equal  number  of  sides  on  each 
side  of  the  straight  line  joining  their  angular  points,  or  supposed  to  join  them. 

29.  A  side  is  said  to  be  opposite  to  an  angle,  when  the  figure  has  an  equal  number  of  sides  joining 
each  extremity  of  that  side  and  the  angular  point. 

30.  A  figure  bounded  by  three  sides  is  called  a  triangle. 

31.  A  triangle  which  has  no  two  equal  sides  is  called  a  scalene  triangle. 

Fig.  14. 


32.  A  triangle  which  has  only  two  equal  sides  is  called  an  isosceles  triangle. 

Fig.  15. 


33.  The  side  of  an  isosceles  triangle,  which  is  unequal  to  either  of  the  other  two,  is  called  the  bate. 

34.  A  triangle  which  has  all  three  of  its  sides  equal  is  called  an  equilateral  triangle. 

Fig.  10. 


35.  A  triangle  which  has  a  right  angle  is  called  a  right-angled  triangle. 

Fig.  17. 

\ 


36.  A  triangle  which  has  an  obtuse  angle  is  called  an  obtuse-angled  triangle. 

Fig.  18. 


37.  A  triangle  which  has  all  its  angles  acute  is  called  an  acute  angled  triangle. 

Fig.  19. 
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38.  A  figure  enclosed  or  bounded  by  four  sides,  is  called  a  quadrilateral  or  quadrangle. 

Fig.  20,  No.  1.  Fig.  20,  No.  2.  Fig.  20,  No.  3.  Fig.  20,  No.  4. 
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39.   A  quadrilateral,  which  has  each  pair  of  its  opposite  sides  converging,  is  called  a  trapezium. 

Fig.  21. 


40.  A  quadrilateral,  which  has  only  one  pair  of  its  opposite  sides  parallel,  is  called  a  trapezoid. 

Fig.  22. 


41.  A  parallelogram  is  a  quadrilateral  which  has  each  pair  of  its  opposite  sides  parallel  to  each 
other. 

Fig.  23,  No.  1.  Fig.  23,  No.  2. 


42.  A  rectangle  is  a  parallelogram  which  has  one  right  angle.* 

Fig.  24,  No.  1.  Fig.  24,  No.  2. 


43.  A  rectangle,  which  has  the  two  sides  containing  the  right  angle  unequal,  is  called  an  oblong. 

Fig.  25. 


14.  A  rectangle,  which  has  two  of  its  adjoining  sides  containing  the  right  angle  equal,  is  called  a 
square. 

Fig.  26. 


45.   The  length  of  an  oblong  is  the  distance  between  the  extremities  of  the  greatest  side  of  the  two 
that  contain  the  right  angle. 

*  It  may,  however,  be  demonstrated,  that  if  a  parallelogram  have  one  right  angle,  it  will  also  have  each  of  its  other 
three  angles  a  right  angle. 

2c 
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46.  The  breadth  of  an  oblong  is  the  distance  between  the  extremities  of  the  least  side  of  the  two 
that  contain  the  right  angle. 

47.  A  polygon  is  a  figure  enclosed  by  more  than  four  sides. 

Fig.  27,  No.  1.  Fig.  27,  No.  2.  Fig.  27,  No.  3. 


48.  A  regular  polygon  is  a  figure  which  is  both  equilateral  and  equiangular,  or  that  which  has  all 
its  sides  equal,  and  all  its  angles  equal. 

Fig.  28,  No.  1.  Fig.  28,  No.  2.  Fig.  28,  No.  3.  Fig.  28,  No.  4. 


49.  A  pentagon  is  a  polygon  of  five  sides  ;  a  hexagon,  a  polygon  of  six  sides ;  a  heptagon,  a  polygon 
of  seven  sides  ;  an  octagon,  a  polygon  of  eight  sides ;  and  so  on.* 

50.  If  a  point  A  be  assumed  in  a  plane,  and  if  the  end  of  a  straight  line  of  any  given  length  be  fixed 
in  that  point  A,  and  if,  when  the  other  end  B  is  carried  entirely  round,  a  pencil  or  point  be  held  at 
that  end  B,  so  as  to  trace  a  line  on  the  plane,  the  figure  thus  described  by  the  moving  point  is  called 

a  circle. 

Fig.  29. 


51.  The  fixed  point  A,  is  called  the  centre  of  the  circle. 

52.  The  line  described  by  the  moving  point  B,  is  called  the  circumference  or  periplieri/. 

53.  Any  straight  line  AB,  drawn  from  the  centre  of  a  circle  to  its  circumference,  is  called  a  radius. 
Coroll.  Hence  all  the  radii  t  of  the  same  circle  are  equal. 

54.  If,  in  a  given  circle,  a  straight  line  AB  be  drawn  so  as  to  be  terminated  at  each  end  A  and 
B  by  the  circumference,  the  line  thus  drawn  is  called  a  chord  of  that  circle. 

Fig.  30. 


*  These  names  are  composed  from  the  Greek  numerals  eis,  duo,  treis,  teseres,  pente,  hex,  hepta,  octo,  ennea,  which 
signify  one,  two,  three,  four,  five,  six,  seven,  eight,  and  nine.  Again,  deca,  icosi,  triaconta,  teseraconta,  penteconta,  hex- 
aconta,  hepdomeconta,  ogdoeconta,  enneneconta,  and  hecaton,  signify  ten,  twenty,  thirty,  forty,  fifty,  sixty,  seventy,  eighty, 
ninety,  and  a  hundred,  &c.  Therefore,  compounding  the  word  which  expresses  the  number  of  tens  with  that  which 
expresses  the  number  of  units,  we  shall  have  the  sum  of  both,  or  the  particular  number  we  desire ;  thus  icosi  eis  signifies 
twenty-one. 

The  other  word  which  forms  the  last  part  of  the  name  is  derived  from  another  Greek  word  gonia,  which  signifies  an 
angle. 

f  The  term  radii  is  the  plural  of  radius,  and  is  Latin.  It  is  used  in  order  to  avoid  the  disagreeable  pronunciation  of 
the  word  radiuses,  formed  according  to  English  construction. 
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55.  A  chord  AB,  which  passes  through  the  centre  C  of  the  circle,  is  called  the  diameter. 

Fig.  31. 


Ooroll.  Hence  the  diameter  of  a  circle  is  equal  to  twice  its  radius. 
56.  The  arc  of  a  circle  is  any  portion  AB  of  the  circumference. 

Fig.  32. 


A/ 

\ 


Thus,  if  the  arc  of  a  circle  be  half  its  circumference,  it  is  called  a  semicircular  arc ;  or,  if  it  be 
one  quarter,  it  is  called  a  quadrantal  arc. 

57.  A  straight  line  AB,  joining  the  extremities  of  an  arc,  is  called  the  chord  of  that  arc. 

Fig.  33. 


\ 


58.  A  straight  line  AB  drawn  from  the  middle  of  a  chord,  perpendicular  to  that  chord,  and  meet- 
ing the  arc,  is  called  the  versed  sine  of  that  arc. 

Fig.  3.1. 


59.  A  segment  of  a  circle  is  a  portion  of  a  circle  bounded  by  a  chord,  and  the  arc  of  the  circle 
intercepted  by  the  chord. 

Fig  35,  No.  I.  Fig.  35,  No.  2. 


60.  A  semicircle  is  a  segment  terminated  by  the  diameter  and  the  semi-circumference  cut  off  by 
the  diameter. 

Fig.  36. 
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61.  A  quadrant  of  a  circle  is  that  portion  of  a  whole  circle  which  is  contained  by  two  radii  crossing 
each  other  at  right  angles,  and  the  part  of  the  circumference  comprehended  between  the  extremities 
of  the  radii. 

Fig.  37. 


62.  A  sector  of  a  circle  is  the  figure  ABC  comprehended  between  two  radii  CA,  CB,  and  the  portion 
AB  of  the  circumference  cut  off  by  these  radii. 

Fig.  38,  No.  1.  Fig.  38,  No.  2. 


Coroll.   Hence  a  quadrant  is  the  sector  of  a  circle  comprehended  by  two  radii  at  right  angles  with 
each  other,  and  the  arc  between  these  radii. 

63.  A  straight  line  ABis  said  to  touch  a  circle  when  the  line  is  produced  on  each  side  of  the  point 
where  the  line  meets  the  circle,  without  cutting  the  circle. 

Fig.  39. 


64.  The  point  where  a  straight  line  touches  a  circle  is  called  the  point  of  contact. 

65.  A  straight  line  AB,  which  touches  the  circumference  or  any  arc  of  a  circle,  is  called  a  tangent. 

Fig.  40,  No.  1.  Fig.  40,  No.  2. 

A B 

A.  B 


66.  A  straight  line  AC,  drawn  from  any  point  A  without  a  circle  to  cut  the  circumference  and  to 
meet  it  in  another  point,  is  called  a  secant. 

Fig.  41. 


67.  One  circumference  of  a  circle  is  said  to  touch  another  when  both  circumferences  meet  each 
other  in  one  point  only. 


SECT.  I.]  ELEMENTS  OF  GEOMETRY.  205 

Fijr.  42.  No.  1.  FiK.  42,  No.  2. 


68.  A  diagonal  is  a  straight  line  drawn  entirely  within  a  figure,  from  one  angle  to  another. 

69.  One  angle  B  is  to  another  E,  as  the  magnitude  of  the  arc  ac,  described  between  the  legs  of  the 
one  angle,  is  to  that  of  df,  described  between  the  legs  of  the  other,  with  the  same  radius. 

Fig.  43,  No.  1.  Fig.  43,  No.  2. 


Thus,  if  the  arc  df  be  twice  the  arc  ac,  then  the  angle  E  is  twice  the  angle  B ;  or,  if  the  greater 
arc  be  divided  into  equal  parts,  then,  whatever  number  the  lesser  arc  contains  of  the  parts  of  the 
greater  arc,  the  lesser  angle  will  contain  the  like  parts  of  the  greater:  this  will  be  evident  by  draw- 
ing lines  from  each  point  of  concourse  to  every  division  of  each  arc  ;  then  each  angle  will  contain  as 
many  smaller  angles,  as  the  arc  between  the  legs  of  that  angle  contains  of  the  smaller  arcs  between 
the  points  of  division. 

Thus,  if  the  arc  df  be  divided  into  five  equal  parts,  and  if  the  arc  ac  contain  three  of  these  parts, 
the  angle  E  will  be  divided  into  five  equal  angles,  and  the  angle  B  three  equal  angles :  the  angle  B 
will,  therefore,  be  three-fifths  of  the  angle  E. 

70.  If,  from  a  given  point  in  any  line,  a  given  distance  be  set  off  upon  that  line  by  a  compass,  the 
other  extremity  thus  found  by  the  extent  of  the  compass,  is  called  the  point  of  distance,  or  point  of 
extension. 

71.  To  rectify  or  develop  the  arc  of  a  circle  is  to  find  a  straight  line  equal  in  length  to  that  arc, 
supposing  the  arc  to  be  extended  or  stretched  out  into  a  straight  line. 

72.  A  straight  line  equal  to  the  arc  of  a  circle  when  stretched  out  into  a  straight  line,  is  called  the 
rectification  or  development  or  the  length  of  that  arc. 

73.  The  distance  between  a  point  and  a  straight  line,  is  the  perpendicular  drawn  from  that  point 
to  the  straight  line. 

74.  A  Iternate  angles  are  those  made  on  the  contrary  sides  and  at  each  end  of  a  line  meeting  two  others. 

75.  Figures  which  have  their  angles  respectively  equal  to  one  another  are  said  to  be  equiangular. 

76.  Similar  polygons  are  those  which  may  be  divided  into  as  many  equiangular  triangles  as  the 
figure  has  sides. 

77.  The  altitude  of  a  figure  is  a  straight  line  drawn  perpendicularly  upon  its  base,  or  upon  the  pro- 
longation of  its  base. 

In  order  to  obtain  the  results  with  greatest  despatch,  the  symbolical  method  has  been  adopted 
rather  than  that  of  writing  the  whole  in  words,  as  the  demonstration  is  at  once  brought  under  the 
notice  of  "the  eye  in  the  form  of  equations ;  and  by  a  single  glance,  every  part  may  be  instantly 
compared  with  another,  and  the  consequences  immediately  drawn  by  taking  away  the  common 
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terms,  in  the  expressions  which  stand  in  opposition  to  each  other,  and  rejecting  or  dividing  out  com- 
mon factors. 

By  these  means  conciseness  and  perspicuity  are  gained  at  the  same  time,  without  either  relaxing 
from  the  strictness  or  deviating  from  the  elegance  of  the  method  pursued  by  Euclid ;  and,  indeed, 
the  various  equations,  though  symbolically  expressed,  may  be  read  in  the  very  same  words  as  if  the 
whole  had  been  written  ;  for  it  must  be  remembered,  that  though  a  symbol  only  occupies  the  space 
of  a  single  letter,  it  conveys  the  meaning  of  one  or  more  words. 


THEOREM  I. 

If  two  triangles  have  two  sides  and  the  included  angle  of  the  one  respectively  equal  to  two  sides  and  the  in- 
cluded angle  of  the  other,  then  shall  the  third  side  of  the  one  be  equal  to  that  of  the  other,  the  one  tri- 
angle equal  to  the  other,  and  the  remaining  angles  of  the  one  equal  to  those  of  the  other,  each  to  each, 
which  subtend  the  equal  sides. 

Let  the  two  sides  BA,  AC  of  the  A  ABC  be  respectively  equal  to 
the  two  sides  ED,  DF  of  the  triangle  DEF,  and  the  L  A  =  D  ;  then 
shall  BC  =  EF,  and  the  A  ABC  =  DEF,  the  L.  B  =  E,  and  the 
L.  C  =  F.  For  if  the  A  ABC  be  applied  to  the  A  DEF,  so  that 
the  point  A  may  coincide  with  the  point  D,  and  the  straight  line  AB 
with  DE,  because  the  L  A.  is  equal  D,  the  straight  line  AC  will  coin- 
cide with  DF  ;  and  because  AB  coincides  with  DE,  and  AC  with  DF,  and  since  AB  is  =  DE,  an<T 
AC  =  DF,  the  point  B  will  coincide  with  E,  and  C  with  F  ;  therefore  the  base  BC  coincides  wiu 
EF,  the  A  ABC  with  DEF,  the  L  B  with  E,  and  the  L  C  with  F. 


THEOREM  II. 

Iftteo  angles  of  a  triangle  be  equal  to  two  angles  of  another  triangle,  and  the  side  of  the  one  equal  to  the 
side  of  the  other  between  the  equal  angles,  each  to  each,  the  two  triangles  shall  be  equal,  and  the  corre- 
sponding sides  and  angles  shall  be  equal. 

Let  the  two  triangles  be  ABC,  DEF,  having  the  L  A  =  D,  the  L. 
B  =  E,  and  the  side  AB  =  DE  ;  the  A  ABC  will  be  =  the  A  DEF, 
the  L.  C  =  F,  the  side  AC  to  DF,  and  BC  to  EF. 

For  if  the  point  A  be  applied  upon  D,  so  that  the  straight  line  AB 
may  coincide  with  DE,  the  point  B  will  coincide  with  E,  and,  the  an- 
gles  at  A  and  B  being  respectively  equal  to  the  angles  at  D  and  E, 
the  straight  line  AC  will  coincide  with  DF,  and  BC  with  EF  ;  therefore  the  point  C  will  coincide 
with  F  ;  and  because  the  three  points  A,  B,  C  coincide  with  the  three  points  D,  E,  F,  the  A  ABC 
will  coincide  with  the  A  DEF,  the  side  AC  with  DF,  BC  with  EF,  and  the  L  C  with  F. 

Coroll.  Hence,  if  two  triangles  be  equiangular,  and  a  side  of  the  one  be  equal  to  a  corresponding 
side  of  the  other,  the  two  triangles  will  be  equal. 
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THEOREM  III. 
The  angles  at  the  base  of  an  isosceles  triangle  are  equal  to  each  other. 

Let  ABC  be  an  isosceles  A  having  the  side  AB  =  AC,  the  L.  ABC  is  =  the 
J.  ACB. 

For  suppose  the  L.  A  to  be  bisected  ;  then  the  side  AB  being  =  AC,  and  AD 
common,  the  two  sides  BA,  AD  will  be  =  the  sides  CA,  AD  ;  and  the  L.  BAD 
being  =  CAD,  the  A  BAD  will  be  =  CAD  (Th.  i.)  ;  and  the  L  B  will  be  =  C. 


THEOREM  IV. 

If  two  angles  of  a  triangle  be  equal,  the  sides  which  subtend  the  equal  angles  shall  also  be  equal. 

Let  the  A  ABC  have  the  L  B  =  the  L.  C,  the  side  AC  shall  also  be  =  the 
side  AB. 

For  if  AB  be  not  =  AC,  one  of  the  two  sides  AB,  AC  is  greater  than  the  other ; 
let  AB  be  c-  AC  ;  upon  AB  set  off  BD  =  AC,  and  join  DC. 

Then,  in  the  A  s  BDC,  BAG,  as  BD  is  =  AC,  the  two  sides  AC,  CB  are  respec- 
tively equal  to  the  two  sides  DB,  BC,  and  the  L.  ACB  =  the  L  DBC  ;  therefore  (Th.  i.)  the  A 
ACB  is  =  the  A   DBC,  the  greater  to  the  less,  which  is  impossible. 


THEOREM  V. 

The  two  angles  made  by  a  line  touching  one  of  the  extremities  of  another,  are  together  equal  to  two  right 

angles. 

Let  the  line  AB  touch  the  extremity  C  of  the  line  CD. 

Then  if  the  A  ACD  be  =  the  L.  BCD,  each  of  them  will  be  a 
right  angle  ;  but  if  not,  let  CE  make  right  LS  with  AB  ;  then,  the 
L  ACE  +  ECB  =  ACE  +  BCD  +  DCB  =  two  right  /.s;  and 
since  L  ACD  =  ACE  +  BCD,  therefore  (Ax.  1)  the  L  ACD  +  'v- 

DCB  =  to  right  L.  s. 


THEOREM  VI. 

The  opposite  angles  formed  by  two  straight  lines  cutting  each  other  are  equal. 

Let  the  straight  line  AC  cut  the  straight  line  BD  in  E  j  the  i.  ABB  is  =  DEC, 

and  the  /.  AED  to  BEG. 

For  the    L  AED  -f-  AEB  is  =  two  right  LS, 
and  the   L  AEB  +   BEG  is  =  two  right  LS\ 
therefore  i.  AED  +  AEB  is  =  AEB  +  BEG : 
from  each  side  of  this  equation  take  away  the 

common  L  AEB,  and  there  will  remain  the  L.  AED  =  BEG. 


H 
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THEOREM  VII. 

If  one  side  of  a  triangle  be  produced,  the  exterior  angle  shall  be  greater  than  either  of  the  two  interior 

opposite  angles. 

Let  the  side  AB  of  the  A  ABC  be  produced  to  D ;  then  DBG  is 
cr-  either  of  the  two  L  s  BAC,  EGA.  r  T 

For  suppose  BC  to  be  bisected  in  E  :  join  AE,  and  produce  the  line  to 
F.     Make  EF  =  EA,  and  join  BF. 

Then,  because  EC  is  =  EB,  and  EF  =  EA,  and  the  L.  BEF  =  A? 

AEC,  the  L  EGA  =  EBF.     But  the  L  EBD  is  cr-  EBF  ;  therefore 
also  the  L  EBD  is  cr-  EGA. 

In  the  same  manner,  if  CB  be  prolonged  to  G,  it  may  be  demonstrated  that  the  exterior  L  GBA 
is  cr-  BAC  ;  but  the  L  GBA  is  =  DBG  (Th.  vi.)  ;  therefore  the  t-  DBG  cr-  BAC. 


& 


THEOREM  VIII. 

The  greatest  side  of  every  triangle  is  opposite  the  greatest  angle. 

Let  AB  be  the  greatest  side  of  the  A  ABC  ;  then  C  is  the 
greatest  L . 

In  AB  take  AD  =  AC,  and  join  DC  ;  then  (Th.  iii.)  the  L  ADC 
=  ACD ;  but  ADC  is  c-  B ;  therefore  the  L.  ACD  is  cr-  B  (Th.  vii.) ; 
therefore  the  whole  L  ACB  is  cr-  B. 

In  the  same  manner  it  may  be  shown  that  ACB  is  also  cr-  A. 


THEOREM  IX. 

The  greatest  angle  of  every  triangle  is  opposite  to  the  greatest  side. 

Let  BAC  be  the  greatest  L  of  the  A  ABC  ;  then  shall  BC  be  the  great- 
est side. 

For  if  BC  is  not  cr-  B  A,  it  must  either  be  equal  to  it  or  less ;  but  BC  can- 
not be  =  B  A,  for  then  the  L  A  would  be  =  C  (Th.  iii.),  but  it  is  not ;  neither 
can  BC  be  —3  BA,  for  then  the  L  A  would  be  -3  C  (Th.  viii.),  which  is  contrary  to  the  hypothe- 
sis :  then,  since  the  side  BC  is  neither  =  BA  nor  —3  BA,  it  must  necessarily  be  greater. 


THEOREM  X. 

The  sum  of  any  two  sides  of  a  triangle  is  greater  than  the  tnird  side. 

Let  ABC  be  a  A  ;  then  BA  +  AC  is  c-  BC. 

For  produce  B  A  to  D,  making  AD  =  AC,  and  join  DC. 

Then,  because  AD  is  =  AC  by  construction,  the  L  ADC  =  ACD ;  but 
the  L  BCD  is  cr-  ACD  ;  therefore  also  the  i.  BCD  is  cr-  ADC  :  and  since 
the  greatest  side  of  every  A  is  opposite  to  the  greatest  L.  (Th.  viii.),  BD  is 
e-  BC  ;    but  BD  is  the  sum  of  the  sides  BA,  AC  ;  wherefore  the  sum  of  the  two  sides  BA.  AC,  is 
c-  BC. 
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THEOREM  XI. 
The  alternate  angles  made  by  a  straight  line  meeting  two  parallel  lines  are  equal. 

Let  EF  meet  the  parallels  AB,  CD;  then  the  L.  AEF  =  EFD, 
and  the  L.  BEF  =  EFC. 

For  if  the  angles  AEF  and  EFD  are  not  equal,  one  of  them 
must  be  greater  than  the  other:  let  EFD  be  c—  AEF,  and  make 
the  L.  EFB  =  AEF. 

Then  the  exterior  L  AEF  of  the  A  EFB  will  bo  c-  the  interior  L.  EFB  (Th.  vii.);  but  by 
construction  it  is  also  equal  to  it,  which  is  impossible;  therefore  the  L.  AEF  cannot  be  —=s  EFD. 
In  the  same  manner  it  may  be  proved  that  it  cannot  bo  c—  EFD;  therefore  as  the  L  AEF  can 
neither  be  less  nor  greater  than  the  L  EFD,  the  L  AEF  must  be  =  EFD. 

THEOREM  XII. 

Two  straight  lines  passing  through  the  extremities  of  another,  and  making  the  alternate  angles  equal, 

are  parallel. 


A, £ j, 


The  two  straight  lines  AB,  CD  passing  through  the  two  extremities 
E,  F  of  the  line  EF,  and  making  the  L  AEF  =  EFD  are  parallel. 

For  if  they  are  not  parallel,  let  some  other  line,  as  FG,  be  parallel  to 
AB. 

Then,  because  AB  is  parallel  to  FG,  the   L.    AEF  =  the  alternate 
L.  EFG   (Th.  xi.);    but   by  hypothesis  the    L  AEF  =  EFD;    therefore  (Ax.  1)  the  L  EFD 
=  EFG  the  less  the  greater,  which  is  impossible. 


THEOREM  XIII. 

If  a  line  pass  through  one  of  two  parallels,  and  meet  the  extremity  of  the  other,  the  external  angle  is 
equal  to  the  internal  angle  at  the  point  of  concourse. 

Let  the  line  ED  pass  through  B,  and  meet  CD  which  is  parallel  to  AB, 
in  D;  then  the  L  EBA  =  EDC. 
For  produce  AB  to  F. 

\ — 7^-J* JO 

Then  (Th.  xi.),  because  AF  and  CD  are  parallel,  the  alternate  LS  CDB 
and  DBF  are  equal;  but  (Th.  yi.)  the  angle  DBF  =  EBA  or  ABE  being 
opposite  angles,  therefore  the  t-  ABE  =  CDB  (Ax.  1). 
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THEOREM  XIV. 

If  a  straight  line  passing  through  one  line,  and  meeting  a  second  line,  make  either  angle  at  the  intersec- 
tion equal  to  the  angle  on  the  same  side  at  the  point  of  meeting,  then  the  two  straight  lines  thus  intersected 
and  met  are  parallel. 

Let  the  straight  line  EF  cutting  AB  in  G,  and  meeting  CD  in  F,  j, 

make  the  L  AGE  =  CFG;  then  AB  is  parallel  to  CD.  7 

Now,  since  (Th.  v.)  A—      —SiL B 

L  AGE  +  AGF  =  two  right  LS  / 

L  CFG  +  DFG  =  two  right  *.s,  c F/ Q 

L  AGE  +  AGF  =  CFG  +  DFG;  but  by  hypo- 
thesis, the  L  AGE  =  CFG;  therefore  L  AGF  =  DFG;  wherefore  (Th.  xii.)  AB  is  parallel  to 
CD. 

THEOREM  XV. 

Two  straight  lines  meeting  the  extremities  of  another,  and  making  the  angles  on  the  same  side  of  that 
other  line  equal  to  two  right  angles,  are  parallel. 

Let  the  two  straight  lines  AB,  CD  meet  the  two  extremities  E,  F  ^ 

of  the  line  EF,  making  the  L  AFE  +  CEF  =  two  right  L  s  ;  then  / 

AB  is  parallel  to  CD.  / 

r- i j) 

For  by  hypothesis,  the  L  AFE  +  CEF  =  two  right  La, 
and  by  (Th.  v.)  -     -     the  L  AFE  +  BFE  =  two  right  L  s  ; 

therefore  (Ax.  1)  -  the  L  AFE  +  CEF  =  AFE  +  BFE  ;  then,  taking  away  the  common 
L  AFE,  there  will  remain  the  /.CEF  ==  BFE.  But  these  are  alternate  La;  therefore  AB  is 
parallel  to  CD  (Th.  xii.). 

THEOREM  XVI. 
The  angles  on  the  same  side  of  a  straight  line  meeting  two  parallels  are  equal  to  two  right  angles. 

Let  the  straight  line  EF  meet  the  two  parallels,  AB,  CD  in  the  two  points         A K         Ji 

E,  F;  the  L.  AEF  +  EFC  =  two  right  La.  I 

For  (Th.  v.)  -  the  L.  CFE  +  EFD  =  two  right  L  s  :  / 

but  (Th.  xi.)  -   -       -    the  L.  AEF  =  EFD ;  C~~      V           ~n 
therefore  -    -  -  -     /.CFE  +  AEF  =  two  right  LS. 

THEOREM  XVII. 

Straight  lines  which  are  parallel  to  the  same  straight  line,  are  parallel  to  one  anotlier. 
Let  the  two  straight  lines  AB,  EF  be  each  parallel  to  CD;  then  G 


AB  and  EF  are  parallel  to  each  other.  7 

Draw  GH,  meeting  AB  in  G  and  EF  in  H,  and  cutting  CD  in  I.  C H- 1> 

Then,  because  AB  is  parallel  to  CD,  the  L.  AGI  =  GID  (Th.  xi.) ;  / 

and  because  EF  is  parallel  to  CD,  the  L  GID  =  GHF ;  therefore  the  H 
L  AGI  or  AGH  =  GHF,  and  therefore  (Th.  xii.)  AB  is  parallel  to  CD. 
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THEOREM  XVIII. 

If  one  side  of  a  triangle  be  produced,  the  external  angle  is  equal  to  the  sum  of  the  two  internal  angles 
which  are  not  contiguous  or  adjacent  to  the  external  angle. 

Let  ABC  be  a  triangle,  and  let  BC  be  produced  to  D ;  then  the  exterior 
L  ACD  =  CAB  +  ABC. 

Let  CE  be  drawn  parallel  to  AB. 

Then,  since  AB  is  parallel  to  CE,  and  AC  joins  them,  the  L  EGA  = 
CAB  (Th.  xi.);  and  since  BD  passes  through  the  two  extremities  B,  C  of 

the  parallel  AB,  EC,  the  L  BCD  =  ABC  (Th.  xiii.) ;  therefore,  by  adding  these  two  equations 
together,  the  L  EGA  +  BCD  =  CAB  +  ABC  ;  but  u  EGA  +  BCD  =  ACD ;  therefore  the 
L  ACD  =  CAB  +  ABC  (Ax.  1). 


THEOREM  XIX. 
The  sum  of  the  three  angles  of  every  triangle  is  equal  to  two  right  angles. 


Let  ABC  be  any  A  . 

Produce  one  of  the  sides,  as  BC  to  D;  then  the  L  ACD  =  CAB  + 
ABC  (Th.  xviii.).  To  each  side  of  this  equation  add  the  remaining 
L  ACB;  then  the  L  ACD  +  ACB  =  CAB  +  ABC  -f-  BCA:  but  the 
L.  ACD  +  ACB  =  two  right  L  s  (Th.  v.)  ;  therefore  the  L  C  AB  +  ABC 
+  BC  A  =  two  right  L  s. 


THEOREM  XX. 

The  sum  of  all  the  angles  made  within  any  straight  lined  figure,  by  its  sides,  is  equal  to  twice  as  many 
right  angles,  wanting  four,  as  the  number  of  the  sides  of  the  figure. 

Let  the  figure  be  ABCDE.  Take  P  any  point  within  the  figure,  and  join 
PA,  PB,  PC,  PD,  PE ;  then  for  every  side  of  the  figure  there  is  a  A  ;  and 
since  the  sum  of  the  three  angles  of  every  A  is  equal  to  two  right  angles, 
therefore  the  internal  angles  of  the  figure,  together  with  four  right  L.  s  at 
the  centre,  are  equal  to  twice  as  many  right  angles  as  the  figure  haisides ; 
and  therefore  the  internal  angles  formed  by  the  sides  of  the  figure  are  equal  to  twice  as  many  right 
angles,  wanting  four,  as  the  figure  has  sides. 

Coroll.  Hence  the  sum  of  the  internal  angles  of  a  quadrilateral  figure  is  equal  to  four  right  angles ; 
for,  deducting  the  four  right  angles  at  the  centre  from  eight,  which  is  twice  the  number  of  sides, 
there  remain  four  for  the  internal  L  s  of  the  figure. 
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THEOREM  XXI. 


The  sum  of  the  external  angles  of  any  rectilineal  figure  is  equal  to  four  right  angles. 


For  when  the  sides  are  prolonged,  for  every  side  of  the  figure  the  external 
.1 ,  together  with  the  internal  L  ,  make  two  right  i.  s ;  therefore  the  sum  of 
the  external  and  internal  angles  make  twice  as  many  right  angles  as  the  figure 
lias  sides ;  but  the  internal  angles,  together  with  the  angles  at  the  centre,  also 
make  twice  as  many  right  L  s  as  the  figure  has  sides:  from  each  of  these 
equal  sums  take  away  the  internal  L  s,  and  there  will  remain  the  external 
L.  s  equal  to  the  angles  at  the  centre  ;  that  is,  equal  to  four  right  L.  s. 


THEOREM  XXII. 


The  opposite  sides  and  also  the  opposite  angles  of  a  parallelogram  are  equal,  and  the  diagonal  divides 

the  figure  into  two  identical  triangles. 

Let  ABCD  be  a  parallelogram,  the  L  A  =  C,  and  the  L.  B  =  D,  and 
likewise  the  side  AB  =  DC,  BC  =  AD.  Join  AC  ;  and  since  AB  is 
parallel  to  DC,  the  L  ABC  +  BCD  =  two  right  ,-L  s  (Th.  xvi.)  ;  and 
because  BC  is  parallel  to  AD,  the  L  BCD  +  CDA  =  two  right  L  s  (Th.  xvi.)  ;  therefore 
L.  ABC  +  BCD  =  BCD  +  CDA  (Ax.  5):  take  away  the  common  L.  BCD,  there  will  remain 
the  L.  ABC  =  CDA.  In  the  same  manner  the  L  BAD  may  be  proved  to  be  equal  to  BCD. 

With  respect  to  the  sides,  because  AC  joins  the  two  parallels  AB,  DC,  the  alternate  t-s  BAG, 
ACD  are  equal  (Th.  xi.),  and  for  the  same  reason  the  alternate  L.  s  CAD,  ACB  are  equal;  there- 
fore in  the  two  A  s  ACD,  ACB,  the  side  AC  is  common,  and  the  L  ACD  =  CAB,  and  the  L  CAD 
=  ACB;  and  therefore  AB  =  CD  (Th.  ii.),  and  AD  ==  BC. 


THEOREM  XXIII. 


The  diameter  of  a  circle  passing  through  the  point  of  contact  of  a  tangent,  is  perpendicular  to  that 

tangent. 


Let  EDF  be  a  circle,  C  its  centre,  GH  a  tangent  to  the  point  D;  CD,  the 
semidiameter,  is  perpendicular  to  GH. 

For  if  CD  is  not  perpendicular  to  GH,  let  CG  be  perpendicular  to  GH : 
then  CGD  will  be  a  right-angled  A  ;  and  consequently  the  L  CDG  will  be 
acute;  therefore  since,  by  hypothesis,  the  L  CDG  n—  CDG,  the  side  CD 
c-  CG.  But  CD  =  CF  ;  wherefore  CF 
therefore  CD  is  perpendicular  to  GH. 


(V       I)         H 

CG,  a  part  greater  than  the  whole,  which  is  absurd; 
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THEOREM  XXIV. 
The  angle  in  a  semicircle  is  a  right  angle. 


C       If 


Let  DEF  be  a  semicircle,  the  t-  DEF  is  a  right  L.  .      For  draw  the  radius 
EC; 

then  the L.  CDE  =  CED) 

and  the    --'---    u  CFE  =  CEF$  (Th<  11L) 
therefore     L  CDE  +  CFE  =  CED  +  CEF  ; 
but  the       L.  CED  +  CEF  =  DEF 
therefore     L.  CDE  +  CFE  =  DEF  (Ax.  1). 

Now,  since  the  three  angles  of  every  A  are  =  two  right   £.8,  the  L.  DEF  is  the  half  of  two 
right  angles ;  that  is,  DEF  is  a  right  angle. 


THEOREM  XXV. 
The  angle  at  the  centre  of  a  circle  is  double  the  angle  at  the  circumference. 

Let  DEF  be  a  circle,  the  u  ECF  =  twice  EDF. 

For  Case  1.  Where  one  of  the  lines  containing  the  L  at  the  circumference 
passes  through  the  centre, 

the    L.  ECF  =  CDF  +  CFD  (Th.  xviii.)  ; 
but   L.  CDF  =  CFD  (Th.  iii.)  ; 
therefore   L.  ECF  =  2'CDF  or  2-EDF. 

Case  2.  Where  a  line  DG  drawn  from  the  point  D  of  the  L  at  tho  circum- 
ference, and  through  the  centre  C,  lies  between  the  lines  containing  both  L  s  ; 
then   L  ECG  =  2-EDG  ) 
and     L.  FCG  =  2-FDG  \  b*  Ca9e  l  ' 
therefore  u  ECG  +  FCG  =  2(EDG)  +  2(FDG)  (Ax.  4)  ; 
but  L  ECG  +  FCG  =  ECF  and  u  EDG  +  FDG  =  EDF  ;  therefore  L.  ECF  =  2- 
Case  3.  When  the  line  DG  falls  without  both  L.  s, 
then    L  GCF  =  2'GDF 
and     L  GCE  =  2'GDE 

therefore  the  L.  GCF  —  GCE  =  2(GDF  —  GDE)  (Ax.  5): 
but   L  GCF  —  GCE  =  ECF,  and  the  L  GDF  —  GDE  =  EDF  ; 
therefore  the    L  ECF  =  2-EDF. 


EDF. 


case 


THEOREM  XXVI. 
All  angles  in  the  same  segment  of  a  circle  are  equal  to  one  another. 

Let  DGHFE  be  a  circle,  and  GDF,  GEF  L&  in  the  same  segment;  then 
the  u  GDF  =  GEF. 

In  the  first  case,  where  the  L.  s  are  in  a  segment  greater  than  a  semicircle, 
the  truth  of  the  proposition  is  evident ;  for  then  each  of  the  L.  s  GDF,  GEF  is 
half  the  t-  GCF  at  the  centre :  and  they  are  therefore  equal  to  each  other. 


0- 
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In  the  second  case,  where  the  angles  are  in  a  segment  less  than  a  semicircle, 
draw  DH,  EH,  so  that  the  arcs  GH  or  HE  may  each  be  less  than  a  semi- 
circle ; 

then  since L  GDH  =  GEH  ) 

rfnd  since L.  FDH  =  FEH   \  b?  case  l> 

therefore     -  -    u  GDH  +  FDH  =  GEH  +  FEH  (Ax.  4); 
therefore L  GDF  =  GEF. 


I)      K 


THEOREM  XXVII. 

The  angle  formed  by  a  tangent  to  a  circle,  and  a  chord  drawn  through  the  point  of  contact,  is  equal  to 
the  angle  in  the  alternate  segment  standing  on  that  chord. 

Let  AB  be  a  tangent  at  C   to  the  circle  CDEF,  CD  a  chord,  BCD  the 
L  contained  by  the  chord  and  the  tangent,  and  CFD  the  L  in  the  alternate 
segment ;  then  the  L.  BCD  =  CFD. 
For  draw  the  diameter  CE,  and  join  ED. 

Then,  because  EC  is  perpendicular  to  AB,  the  L.  s  ACE,  BCE  are  each 
a  right  L  ,  and,  the  L  CDE  being  in  a  semicircle,  is  also  a  right  angle  ; 

therefore /.  DCE  +  DEC  =  a  right  L  (Th.  xxiv.)  ; 

and  since  L  DCE  +  DCB  =  a  right  L. 

therefore    -   -    -   -  •    L  DCE  +  DEC  =  DCE  +  DCB  (Ax.  1). 

Take  from  these  equals  the  common  L  DCE,  and  there  will  remain  the  L  DEC  =  DCB  ;  but 
the  L  DEC  or  CED  =  CFD;  therefore  the  L  CFD  =  BCD. 


C 


THEOREM  XXVIII. 
The  opposite  angles  of  any  quadrilateral  figure  described  in  a  circle,  are  together  equal  to  two  right  angles 

Let  ABCD  be  a  quadrilateral  figure  described  in  the  circle   ABCD,  the 
L.  ADC  +  ABC  =  two  right  L.  s. 

For  since   -   -  -   -   CAB  +  ABC  +  BCA  =  two  right  z.s, 

and  since the  L  CAB  =  CDB  7 

and  the      L.  ACB  =  ADB  \ 

therefore  -    -       L  CAB  +  ACB  =  ADC  (Ax.  1)  ; 

therefore  L.  CAB  +  ACB  +  ABC  =  ADC  +  ABC  (Ax.  4). 

But L  CAB  +  ACB  +  ABC  =  two  right  L  s  (Th.  six.); 

therefore L.  ADC  +  ABC  =  two  right  L  s  (Ax.  1). 


THEOREM  XXIX. 
Parallelograms  upon  the  same  base  and  between  the  same  parallels  are  equal. 


Let  ABCD,  EBCF  be  two  parallelograms  upon  the 
same  base  BC,  and  between  the  same  parallels  BC,  AF, 
the  parallelogram  ABCD  is  equal  to  the  parallelogram 
EBCF. 


Fig.  1. 
ED 
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For  since  the  line  AF  meets  tbe  parallels  AB,  DC,  the  two  JL  s  FDC,  FAB  are  equal ;  ami 
because  AD  =  BC,  BC  =  EF  ;  therefore  AD  =  EF. 

Then  in  the  case  (Fig.  1)  where  the  opposite  sides  have  a  common  segment,  take  away  ED,  and 
there  will  remain  AE  =  DF. 

In  the  other  case,  where  the  sides  opposite  to  the  base  have  no  common  segment,  since  AD  =  EF, 
add  DE  to  each ;  then  AE  is  equal  to  DF. 

Then,  since  in  both  cases  AE  =  DF,  and  DC  =  AB,  therefore  the  two  sides  AE,  AB  are 
respectively  equal  to  the  two  sides  FD,  DC,  and  the  L  EAB  =  FDC;  therefore  the  A  AEB 
is  =  the  A  DFC  :  from  the  whole  figure  take  away  the  A  FDC,  and  there  will  remain  the  paral- 
lelogram ABCD:  again,  from  the  whole  figure  take  away  the  equal  triangle  EAB,  and  there  will 
remain  the  parallelogram  EBCF  equal  to  ABCD. 


THEOREM  XXX. 

Jf  a  parallelogram  and  a  triangle  lie  upon  the  same  base  and  between  the  same  parallels,  the 
parallelogram  is  double  the  triangle. 

Let  ABCD  bo  a  parallelogram,  and  BBC  a  triangle  both  upon  the  same  base  ft.    J)    E 

BC,  and  between  the  same  parallels  BC  and  AF,  the  parallelogram  ABCD  is 
double  the  A  EEC. 

For  draw  CF  parallel  to  BE  ;  then  BCFE  is  a  parallelogram,  and  the  diagonal  B     C 

EC  divides  the  figure  into  two  equal  triangles  (Th.  xxii.);  therefore  the  parallelogram  BCFE  is 
double  the  triangle  EBC:  but  the  parallelogram  ABCD  is  equal  to  the  parallelogram  EBCF 
(Th.  xxix.) ;  wherefore  the  parallelogram  ABCD  is  also  double  the  triangle  EBC. 


THEOREM  XXXI. 
Triangles  upon  the  same  base  and  between  the  same  parallels  are  equal. 

This  is  evident,  since  all  parallelograms  upon  the  same  base  and  between  the  same  parallels  aro 
equal,  and  since  each  parallelogram  is  double  the  triangle. 

THEOREM  XXXII. 
Equal  triangles  upon  the  same  base  and  on  the  same  side  of  the  base  are  between  the  same  parallels. 

Let  the  equal  A  s  ABC,  DBG  be  upon  the  same  base  BC,  and  upon  the 
same  side  of  it;  then  if  AD  be  joined,  AD  is  parallel  to  BC. 

For  if  AD  is  not  parallel  to  BC,  draw  AE  parallel  to  BC,  and  join  EC  ; 
then  will  the  A  ABC  be  =  EBC  (Th.  xxxi.):  but  the  A  ABC  is  =  DEC  ; 
therefore  the  A  DBG  is  =  EBC,  the  greater  to  the  less,  which  is  impossible. 
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THEOREM  XXXIII. 


A  rectangle  circumscribed  about  a  square  is  a  square  also. 


J)       II 


Let  BODE  be  a  square,  and  let  FGHI  be  a  rectangle  circumscribing 
it,  the  rectangle  FGHI  is  a  square. 

For  since  the  four  AS  BGC,  CHD,  DIE,  EFB,  are  right  ^.d  ; 

and  since  (Th.  v.)   -    -    i.  CBG  +  EEC  +  EBF  =  two  right  LS; 

therefore the  L.  CBG  +  EBF  =  a  right  L  : 

but  since  L  BGC  is  a  right  L  ,    i.  BCG  +  CBG  =  a  right  L.  ; 

therefore  (Ax.  !)----    the  L  CBG  +  EBF  =  BCG  +  CBG 

wherefore  (Ax.  5)   -   -  •   -   the  L  EBF  =  BCG ; 

therefore  the  two  triangles  EFB,  BGC  are  equiangular;  and  since  the  hypothenuses  of  these  AS 
are  equal,  the  AS  EFB,  BGC  are  equal  and  similar;  consequently  the  four  AS  EFB,  BGC,  CHD, 
DIE  are  equal  and  similar;  wherefore  the  four  distances  EF,  BG,  CH,  DI  are  all  equal,  as  also 
the  four  distances  FB,  GC,  HD,  IE  are  all  equal,  and  consequently  the-  rectangle  FGHI  is  a 
square. 


THEOREM  XXXIV. 
The  area  of  every  rectangle  may  be  expressed  by  the  product  of  two  adjoining  sides  of  it. 

For  let  the  length  AB  be  divided  into  a*  equal  parts,  and  the  breadth  AD 
into  b  equal  parts,  so  that  each  of  the  equal  parts  of  AD  may  be  equal  to  each 
of  the  equal  parts  of  AB.  Then  if,  through  each  point  of  division  in  the  line  AD, 
straight  lines  be  drawn  parallel  to  AB  to  meet  the  line  BC,  the  whole  figure 
will  be  divided  into  b  rectangles,  each  containing  a  squares ;  therefore  the  area 
of  the  whole  rectangle  ABCD  will  contain  b  times  a  squares  =  a  b,  which  is  the  analytical  expres- 
sion for  the  area  when  one  side  is  denoted  by  a,  and  the  adjoining  side  by  b. 

Therefore  the  rectangle  ABCD  is  expressed  by  AB  X  BC,  or  more  shortly  by  A       B 

AB'BC.     Similarly,  when  the  figure  is  a  square  ABCD,  instead  of  writing  AB'CD, 
we  shall  write  AB2  01  CD2. 


*  The  student  who  is  not  acquainted  with  Algebra,  or  the  method  of  expressing  numbers  and  quantities  by  symbols, 
may  find  some  difficulty  in  conceiving  how  a  number  can  be  more  conveniently,  or  indeed  usefully  indicated  by  a  letter; 
but  a  little  reflection  will  convince  him  that  the  symbolical  expression,  being  general,  tends  to  prevent  the  false  idea 
that  would  often  be  conveyed  by  a  specific  number  where  no  particular  number  is  intended.  Thus,  in  the  present  case, 
were  it  directed  that  the  line  AB  should  be  divided  into  four  or  six  equal  parts,  it  would  not  be  at  all  evident  that  any 
other  number  would  produce  the  same  result ;  whereas  the  letters  a  and  b,  being  merely  symbols  of  which  the  value  is 
arbitrary,  clearly  express  that  the  number  they  represent  is  also  arbitrary,  or,  in  fact,  that  the  proposition  will  hold  true 
with  any  number  whatever. 
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THEOREM  XXXV. 

In  any  right-angled  triangle,  the  square  of  the  hypothenuse  is  equal  to  the  sum  of  the  squares  of  the 

other  two  sides. 

Let  BAG  be  a  A  ,  having  a  right  L  BAG  ;  then  wiU  BC2  =  AB2 
+  AC1. 

For  on  BC  describe  the  square  BCDE,  and  through  the  points  B,  D,  E, 
C  draw  FG,  IH,  FI,  GH,  respectively  parallel  to  AC,  AB,  and  produce 
CA  to  meet  FI  in  K. 

Then  (Th.  xxxiii.)  the  figure  FGHI  is  a  square,  and  the  four  A  s  BGC, 
CHD,  DIE,  EFB  are  all  equal;  but  the  rectangle  ABGC  is  =  twice  the 
A  ABC  (Th.  xxx.)  ;  wherefore  the  A  BGC  +  CHD  +  DIE  +  EFB  =  twice  the  triangle 
ABGC:  and  therefore  the  circumscribing  square  FGHI  is  =  BC2  +  2'AB'AC;  and  because 
AB  =  CG  =  BF  =  AK ;  AB  is  =  AK ;  whence  AB  +  AC  =  AK  +  AC  =  KG  =  FG ;  let, 
therefore,  AB  =  a,  AC  =  b,  and  BC  =  A  : 

Then  (Algebra)  since  FG  =  a  +  b,  -  FG2  =  a2  +  2  a  b  +  62  ; 
and  since  FG2  =  BC2  +  2'AB-AC    -  FG2  =  A2  +  2  a  b ; 
wherefore  (Ax.  1)   -  -  If  +  2  a  b  =  a2  +  2  a  b  +  &2  ; 

therefore  (Ax.  5)  A2  =  a2  +  V. 

Coroll.  Whence  o2  =  1<?  —  b\  or  62  =  If  —  a2. 


J) 


THEOREM  XXXVI. 

In  any  obtuse-angled  triangle,  the  square  of  the  side  subtending  the  obtuse  angle  is  equal  to  the  sum  of 
the  squares  of  the  other  two  sides,  plus  twice  the  rectangle  of  the  base  and  its  prolongation  between  the 
obtuse  angle  and  a  perpendicular. 


Let  ABC  be  a  A  having  the  obtuse  L.  ABC. 

Produce  AB  to  D,  and  draw  CD  perpendicular  to  AD  ;  AC2  =  AB2  +  BC2 
+  2AB-BD. 

Let  AC  =  a,  AB  =  6,  BC  =c,  BD  =  d,  and  CD  =p  ;  then  will  AD  =  AB 
+  BD  =  6  +  d. 


B  B 


Then  (Th.  xxxv.) 

Adding  these  two  equations  together,  and  squaring  6  +  d,  we  have  a2  -\-d1  = 
d1  +  <?  ;  then,  by  rejecting  d2  common  to  both  sides,  we  have  a2  =  62  +  c2  +  2  6  d. 
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THEOREM  XXXVII. 

The  square  of  the  side  subtending  one  of  the  acute  angles  of  a  triangle  is  equal  to  the  sum  of  the  squares 
of  the  other  two  sides,  minus  twice  the  rectangle  under  either  of  the  sides,  and  the  part  of  that  side 
("produced  if  necessary}  between  the  perpendicular  let  fall  upon  it  from  the  opposite  angle  and  the 
point  of  the  acute  angle. 

Let  ABC  be  a  triangle,  and  B  one  of  the  acute  angles,  Fig.  1. 

and  let  CD  be  perpendicular  to  AB  ;  AC3  =  AB2  +  BC2  C 

—  2(AB-BD). 

For  let  AC  =  a,  AB  =  6,  BC  =  c,  BD  =  d,  CD  =  p. 


Then,  in  the  case  where  the  perpendicular  falls  within  *•  "»       B          D — -*- 

the  base,  AD  =  AB  —  BD  =  6  —  d. 


Therefore,  adding  these  two  equations  together,  taking  away  the  common  term  p*  and  squaring 
6  ._  d,  we  have 

a2  +  cP  =  <?  +  62  —  2  b  d  +  <P  ; 
and  again,  taking  away  d2,  common  to  both  sides  of  the  equation,  we  have 

a2  =  &2  +  (?  —  2  b  d. 

In  the  other  case,  where  D  falls  without  the  side  AB,  we  shall  have  AD  =  DB  —  AB  =  d  —  6. 

a3  =  p*  +  (d  —  6)» 
" 


adding  these  equations  together,  taking  away  the  common  term  p2,  and  squaring  d  —  6,  we  have 

a2  +  d2  =  c2  +  d3  —  2  b  d  +  62  ; 
and  again,  taking  away  <P  common,  we  have 

a2  =  62  +  c2  —  2  6  d. 


THEOEEM  XXXVIII. 

The  difference  of  the  squares  of  any  two  sides  of  a  triangle  is  equal  to  the  difference  of  the  squares  of 
the  parts  of  the  straight  line  of  the  base  between  each  extremity  of  the  base  and  a  perpendicular  from 
the  opposite  angle. 

Fig.  I. 
Let  ABC  be  a  triangle,  and  let  CD  be  drawn  perpendicular  c 

to  AB;  then  AC8  —  BC3  =  AD2  —  DB2. 


A.         :o 

c  AC2  —  AD2  =  CD2 
For  (Cor.  Th.  xxxv.)  1  QJJZ  _  5(32 gpz 

Adding  these  two  equations,  AC2  —  AD2  =  BC8  —  BD2 

and  by  transposition AC2  —  BC2  =  AD2  —  BD2 

or,  in  symbols,  let  AC  =  a,  BC  =  6,  AD  =  u,  BD  =  c,  and  CD  =  p. 

c  at  —  w2  =  p2 
Then  (Cor.  Th.  xxxv.)  j  2  _  &2  _  ^ 

adding  these  equations,  a2  —  u2  =  62  —  «2 
and  by  transposition,    -    a2  —  62  =  u2  —  «* 
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THEOREM  XXXIX. 


The  rectangle  under  the  sum  and  difference  of  the  sides  of  a  triangle  is  equal  to  the  rectangle  under  the 
sum  and  difference  of  two  lines  in  the  same  straight  line  with  the  base  contained  between  a  perpendicu- 
lar and  each  extremity  of  the  base. 


That  is  (AC  +  BC)  X  (AC  —  BC)  =  (AD  +  BD)  x  (AD  —  BD). 
For  the  difference  of  the  squares  of  any  two  quantities  is  equal  to  the 
rectangle  under  their  sum  and  difference ;  and  since  (Th.  xxxviii.)  we 
have  AC1  —  BC8  =  AD9  —  BD2,  we  shall  therefore  have  (AC  +  BC) 
X  (AC  —  BC)  =  (AD  +  BD)  x  (AD  —  BD). 


l) 


THEOREM  XL. 


The  sum  of  the  squares  of  any  two  sides  of  a  triangle  is  equal  to  twice  the  sum  of  the  squares  of  half  the 
remaining  side  and  of  the  line  drawn  from  the  middle  of  that  side  to  the  opposite  angle. 

In  the  triangle  ABC,  if  the  side  AB  be  bisected  in  E,  then  AC2  +  BC2  =  c 

2(AE3  +  CEa). 

For  draw  CD  perpendicular  to  AB,  and  let  AE  =  EB  =  a,  EC  =  6,  AC  = 
c,  BC  =  d,  ED  =  e,  and  CD  =  p  ;  then  will  DB  =  EB  —  ED  =  a  —  e, 
AD  =  AE  +  ED  =  a  +  e.  A.  B  1)  s> 

Then  (Th.  xxxvi.)  c2  =  a2  +  62  +  2  a  e 
and  (Th.  xxxvii.)  d2  =  a2  +  b2  —  2ae 
whence  -  -  c2  +  d2  =  2(a2  +  62). 


THEOREM  XLT. 


A  line  drawn  through  the  centre  of  a  circle,  perpendicular  to  a  chord,  will  bisect  that  chord. 

Let  EFG  be  a  circle,  C  its  centre,  and  EF  a  chord;  then,  if  CD  is  perpen- 
dicular to  EF,  EF  is  bisected  in  the  point  D. 

For  let  CE  =  CF  =  r,  ED  =  a,  DF  =  6,  and  let -CD  which  is  common  =  p. 

C  CDE,  o»  +  p>  =  r* 
Then  (Th.  xxxv.)  by  the  right  ^dA8^rnl-,  -  _  , .,   .     2 

/  \jiJjL      ~     ~     *    1i      '        0     ^~   Tp 

Therefore,  eliminating  p  and  r,  we  have  a*  =  V,  and  consequently  a  =  b  ;  wherefore  EF  i* 
bisected  in  the  point  D. 
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THEOREM  XLII. 

If  two  secants  or  chords  intersect  each  other,  the  rectangle  of  the  two  distances  on  the  one,  from  the  point 
of  concourse  to  each  point  where  it  meets  the  circumference,  is  equal  to  the  rectangle  of  the  two  cor- 
responding distances  on  the  other. 

Let  ABHCDI  (Fig.  1),   or  ABHIDC  (Fig.  2),   be  a  Fig-  1- 

circle,  and  let  the  two  lines  AFC,  HFI  (Fig.  1),  or  the 
two  lines  ACF,  HIF  (Fig.  2)  cut  one  another  in  the  point 
F ;  then  AF  x  FC  =  HF  X  FI  in  each  case,  whether 
the  point  F  is  within  or  without  the  circle. 

From  the  centre  E,  draw  EG-  perpendicular  to  AF,  and 
join  EA;  then  BF  is  the  sum  of  the  two  sides  AE,  EF  of 
the  triangle  AEF,  and  FD  is  the  difference;  likewise  AF 
is  the  sum  of  the  two  segments  AG,  GF  of  the  base,  and  CF  is  their  difference; 
Therefore  (Th.  xxxix.)   -    -    AF  X  FC  =  BF  x  FD 
and  by  the  same  argument     HFxFI  =  BFxFD 
therefore  (Ax.  1)   -  -     AF  X  FC  =  HF  x  FI. 

Coroll.  1.  Hence,  if  one  of  the  lines  become  a  tangent,  the  rectangle  on  the  secant,  from  the 
intersection  to  each  point  where  it  meets  the  circumference,  is  equal  to  the  square  of  the  tangent.* 

Coroll.  2.  If  both  lines  cut  one  another  at  right  angles  within  the  circle,  and  one  of  the  lines  be 
a  diameter,  in  this  case  the  other  will  be  bisected ;  therefore  if  a  chord  cut  a  diameter  at  right 
angles,  the  rectangle  of  the  two  parts  of  that  diameter  is  equal  to  the  square  of  the  half  chord. 


THEOREM  XLIII. 


The  ratio  of  triangles  of  the  same  altitude  is  equal  to  that  of  their  bases. 


Let  ABH  and  ABF  be  two  triangles  of  which  the  bases  are  in  the  same 
straight  line,  and  of  which  the  altitude  AP  is  the  same ; 

A  ABH         BH 
A  ABF    —   BF' 


A  ABH  :  A  ABF  :  :  BH  :  BF;  that  is 


For  suppose  the  bases  BH,  BF  to  be  divided,  each  into  equal  parts,  so  nC  DLP  <}  H 

that  each  of  the  equal  parts  of  BH  may  be  equal  to  each  of  the  equal  parts  of  BF  ;  then,  drawing 
lines  from  each  point  of  division  to  the  vertex  A,  the  triangles  ABC,  ACD,  &c.  will  be  all  equal. 

*  Upon  the  principle  developed  in  this  Coroll.  certain  of  the  ancient  philosophers  imagined  a  method  of  finding  the 
diameter  of  the  earth  by  measuring  the  height  of  a  lofty  mountain,  and  the  distance  of  the  horizon  of  the  sea  when  seen 
from  the  summit ;  for  such  distance  would  evidently  be  a  tangent  to  the  earth's  surface,  while  the  perpendicular  height 
of  the  mountain  would  be  one  portion  of  a  secant  of  which  the  diameter  of  the  earth  would  form  the  remainder.  The 
performance  of  this  problem,  like  many  other  ingenious  applications  of  the  principles  of  geometry,  presents  practical 
difficulties,  but  seldom  anticipated  by  the  young  student  in  similar  speculations ;  for  though  the  proposition  itself  is 
undoubtedly  true,  yet  the  data  on  which  its  solution  depends  cannot  be  ascertained  with  sufficient  accuracy  not  to  pro- 
duce a  very  doubtful  result,  when  the  errors  inseparable  from  such  operations  as  measuring  a  mountain,  and  more 
particularly  the  distance  of  the  horizon  at  sea,  are  so  much  increased  by  multiplication  as  they  evidently  must  be  in  this 
problem. 
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Suppose  BH  to  contain  m  of  these  equal  parts,  and  BF  to  contain  »  equal  parts ;  then  the  A  A 1311 
will  contain  m  times  the  A  ABC,  and  the  A  ABF  will  contain  n  times  the  A  ABC. 


Therefore 


and 


wherefore  by  equality  .... 


BH 
BF 

A  ABH 
A  ABF 
A  ABH 


A  ABF 


m 

n 

m 

n 

BH 

BF 


that  is,  the  ratio  of  the  triangles  is  equal  to  that  of  their  respective  bases. 


THEOREM  XLIV. 


Triangles  upon  the  same  or  equal  bases,  have  a  ratio  equal  to  that  of  their  altitudes. 


Let  ABC,  ABD  be  two  AS,  and  let  the  straight  line  AEF  he  perpendicular 
to  the  base  AB,  and  let  CE  and  DF  be  drawn  parallel  to  AB;  then  the  ratio 
of  the  two  A  s  ABD,  ABC  is  equal  to  that  of  their  altitudes,  AF,  AE. 
For  join  BF  and  BE, 

the  A  ABF AF 

the  A  ABE  ~  AE 


then  (Th.  xliii.) 


but  the   A  ABF  =  ADB,  and  the  A  ABE  =   ABC; 

the  A  ABD          AF 
therefore,  by  substitution,    -     -    the  A  ABC   =  -j^ 


A.        Ji 


THEOREM  SLV. 

If  a  straight  line  be  drawn  parallel  to  one  of  the  sides  of  a  triangle  to  cut  the  other  two  sides  or  the  other 
two  sides  produced,  the  ratio  of  the  two  segments  on  the  one  side  will  be  equal  to  that  of  the  two 
segments  on  the  other  side. 


Let  ABC  be  a  A  ,  and  let  DE  be  drawn  parallel  to  BC,  the  ratio 
of  AD  and  DB  is  equal  to  that  of  AE  and  EC. 
For  join  BE  and  CD. 

he  A  APE          AD 
DB 

jibe  A  CDE   "EC 
and  since  the  A  BDE  is  equal  to  the  A  CDE  (Th.  xxxi.), 

AD          AE 

therefore  (Ax.  1)   -         =          . 


the  A  BDE 
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THEOREM  XLVI. 

If  two  sides  of  a  triangle  or  the  sides  produced  be  cut  in  equal  ratios,  the  straight  line  joining  the  pointt 

of  section  will  be  parallel  to  the  remaining  side. 

Let  ABC  be  a  triangle ;  then  if  the  ratio  of  AB  and  AD  in 
the  same  straight  line  be  equal  to  the  ratio  of  AC  and  AE  in  the 
straight  line  of  the  other  side,  and  if  DE  be  joined,  DE  is  parallel 

toBC. 

r  DB          the  A  BDE 

...     J  AD  "  The  A  ADE 

I  — -—  — *, 

^the   A   ADE          AE 

EC         DB 
™KTh.  xlv.) AE=AD 

Multiplying  these  equations  and  dividing  out  the  common  factors,  we  find   A  CDE  =  A  BDE 
But  (Th.  xxxii.)  equal  triangles  upon  the  same  base  and  on  the  same  side  of  it  are  between  the 
same  parallels  ;  therefore  DE  is  parallel  to  BC. 


TUEOREM  XLVII. 

The  ratios  of  the  sides  about  the  corresponding  angles  of  equiangular  triangles  are  equal. 

Fig.  1.  Fig.  2. 

Let  ABC,  DEP  be  two  triangles,  having  the    L  A  =  D, 

B  =  E,  and  C  =  F. 

_,.       AC         DF       AC         DF 
Then  AB  =  DE'  °r  CB  =  Fl 

For  make  DG  =  AB,  and  DH  =  AC. 

Then  (Th.  i.)  the  A  DGH  =  ABC,  and  the  corresponding  /.s  are  equal;  therefore,  because  in 
the  AS  ABC,  DBF,  the  L  B  =  E,  and  since  the  L  DGH  =  B,  therefore  (Ax.  1)  the  L  DGH 
=  E ;  wherefore  (Th.  xiv.)  GH  is  parallel  to  EF. 

Therefore  (Th.xlviL)  |f  =  •§§  consequently  DHD^HF 

But  AC  =  DH,  AB  =  DG,  DH  +  HF  =  DF,  and  DG  +  GE  =  DE  ; 

,        AC         AB  AC          DF 

therefore  gj-  =  ^  consequently  _  -  _  . 


THEOREM  XLVIII. 

If  the  ratio  of  two  sides  of  a  triangle  be  equal  to  the  ratio  of  two  sides  of  another  triangle,  and  the  angles 
contained  by  these  sides  equal,  the  two  triangles  shall  be  equiangular. 

Let  the  ratio  of  the  sides  AB,  BC  of  the  A  ABC  be  equal  to  the  Fig.  1. 

ratio  of  the  sides  DE,  EF  of  the  A  DBF,  and  the  L.  B  =  E  ;  then 
will  the  L  C  =  F,  and  the  u  A  =  D. 

For  in  EF  make  EG  =  BC,  and  in  ED  make  EH  =  BA,  and 
join  GH;  then  (Th.  i.)  the  L  EGH  =  C,  and  the  L  EHG  =  A: 
but,  by  hypothesis, 

ATI  Tvi?  P*H  T^F* 

~  =  =£  ;  and  since  EG  =  BC,  and  EH  =  BA,   -^  =   ==  (Ax.  1); 

O\f  Ktf  Wi  flm 
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therefore  (Th.  xlvi.)  GH  is  parallel  to  FD;  wherefore  (Th.  xiii.)  the  i.  EGH  =  F,  and  the 
L.  EHG  =  D:  but  tho  L  EGH  =  C,  and  the  i.  EHG  =  A;  therefore  the  L.  A  =  D,  and  the 
L  C  =  D;  consequently  the  AS  ABC  and  DEF  are  equiangular. 


THEOREM  XLIX. 


Triangles  have  a  ratio  equal  to  that  of  the  rectangle  of  their  bases  and  altitudes. 


Let  ABC,  ADF  be  two  A  s  having  their  bases  AB,  AD  in  the  same  straight 
line.     Let  AG  be  drawn  perpendicular  to  AD,  and  FG,  CH  parallel  to  BA ;  then 

the  A  ADF AD  X  AG 

the  A  ABC  ~  AB  x  AH 

Join  DH  and  DG ;  then  (Th.  xxxi.)  the  A  AFD  =  AGD ; 

^the  A  AHD  __  AD 
the  A  ACS  "  AB 

the  A  AGD AG 

J;he  A  AHD  ~~  T5 
the  A  AGD          AD  X  AG 


therefore,  -     -     -    - 


the  A  ACB 


AB  X  AH' 


THEOREM  L. 
The  ratio  of  similar  triangles  is  equal  to  that  of  the  squares  of  their  homologous  sides. 

Let  ABC,  DEF  be  similar  A  s,  having  the   L  A  =  D,  the  c 

L  B  =  E,  and  the  L.  C  =  F ; 

.,       the  A  ABC         AB2 
then  ^v.    .   ^T,^.  =  -TVP?>  See- 


the A  DEF 
For  draw  CG  perpendicular  to  AB,  and  FH  perpendicular  to 


A          G     B  J)      H"E 

DE;  then,  since  the  t.  A=  D,  and  the  La  CGA,  FED  are  right  AS,  therefore  the  L  ACG  — 
DFH  ;  consequently  the  AS  ACG,  DFH  are  equiangular; 

JAC  CG 
DF"  ~~^" 
._ 


«,dsmce,Th.xBx.)    -    - 


|   AB  _  AC 
l^DE  ~  DF 

AB  X  CG         the  A  ABO 
the  A  DEF 


DE 


FH 


therefore,  by  multiplication,     -    -  = 


THEOREM  LI. 
The  ratio  of  similar  polygons  is  equal  to  that  of  the  squares  of  their  homologous  sides. 


Let  ABCDE,  FGHIK  be  similar  polygons ;  then 
thef 
thef 

For  since  (Th.  1) 


the  figure  ABCDE          ABJ 
the  figure  FGHIK   ~   FG2' 
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A  ABC 
A  FGH 


AB2  _ 

FG2  ~~ 


therefore,  by  equality, 

A  ABC  + 


AC2 

FH2  — . 
A  ABC 


A  ACD  _ 
A   FHI   = 
A  ACD 


AD2  _      A  ADE 
FI2    :  :    A   FIK 

A  ADE 

A  FIK 


AB2 
FG2 


A   FHI 
A  ACD  +   A  ADE  _  polygon  ABCDE 

" 


therefore, 


_ 
A  FGH  +   A    FHI  +   A    FIK   "  polygon  FGHIK' 


THEOREM  LII. 

The  ratio  of  similar  polygons  inscribed  in  circles  is  equal  to  that  of  the  squares  of  the  diameters  of 

the  circles. 


Let  ABCDE,  FGHIK  be  similar  polygons  inscribed 
in  the  circles  ABODE,  FGHIK,  and  let  AL,  FM 
be  the  diameters  of  the  circles ;  then 

the  polygon  ABCDE          AL2 
the  polygon  FGHIK   "   AM* 

For  join  AC,  BL,  FH,  GM;    since  the    L  ACB 

=  ALB,  and  the  L  FHG  =  FMG  (Th.  xxvi-X;  the  L.  ALB  =  FMG.     Again,  because  ABCL, 
FGHM  are  semicircles,  the  L  s  ABL,  FGM  are  right  angles  (Th.  xxiv.) ;  therefore 

the  triangles  ABL,  FGM  are  equiangular;  wherefore  -=p-  = 


whence" 


AB2 
FG2 


AL2 


and  since  (Th.  li.)   .     .     . 
therefore,  by  multiplication, 


FM2 

the  polygon  ABCDE  AB2 

the  polygon  FGHIK   "  FG« 

the  polygon  ABCDE  AL" 

the  polygon  FGHIK   ~  AM*' 


THEOREM  LIIL 


If  any  angle  of  a  triangle  be  bisected  by  a  line,  the  ratio  of  the  segments  of  the  opposite  side  cut  by  the 
bisecting  line  is  equal  to  that  of  the  other  two  sides  of  the  triangle. 

Let  ABC  be  a   A  ;  and  if  any  L,  as  ACB,  be  bisected  by  the  straight  E 

line  CD  cutting  the  opposite  side  AB  in  D,  then 

AD  _  AC 

DB  ==  CB  '  A          D      B 

For  produce  AC  to  E,  and  draw  BE  parallel  to  CD.     Now  since  BE  is  parallel  to  CD,  and  BC 

joins  them,  the  alternate  <-  s  DCB  and  CBE  are  equal  (Th.  xi.),  and  the  L  BEG  =  DCA  (Th. 

xiii.):  but  the  L  DCA  =  DCB;  therefore  the  i.  CEB  =  CBE;  wherefore  (Th.  iv.)  CB  =  CE; 

AC          AD 
and  since  CD  is  parallel  to  BE,  -gg  =  -j^g- 

therefore,  since  CB  =  CE,  -    --  =  - 


*  If  four  quantities  are  proportional,  the  squares  of  such  quantities  will  have  the  same  ratio  that  the  quantities  them- 
lelves  have,  as  may  be  made  evident  by  a  few  trials  in  common  arithmetic. 
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THEOREM  LIV. 

The  angles  in  equal  circles,  whether  at  the  centres  or  circumferences,  have  a  ratio  equal  to  that  of  the 

arcs  on  which  they  stand. 

Let  ABC,  DBF,  be  equal  circles,  AGB,   DHE  i.s  at  their 
centres,  and  ACB,  DFE,  L  s  at  their  circumferences  ; 

the  L  AGB  the  arc  AB       ,  the  L  ACB         the  arc  AB 

the  L  DHE  ~~   the  arc  DE  ™      the  /  DFE   ==   the  arc  DB' 

For  let  the  arc  AB  be  divided  into  m  equal  parts,  Ai,  ik,  kl, 
&c.  and  the  arc  DE  into  n  equal  parts,  Do,  op,  &c.  so  that  each  of  the  equal  parts  in  the  arc  AB 
may  be  equal  to  each  of  the  equal  parts  in  the  arc  DE :  draw  the  straight  lines  Gi,  Gk,  Gl,  &c.  as 
also  Ho,  Hp,  <fec. ;  then  the  L  AGB  will  contain  the  L.  AGi  as  often  as  the  arc  AB  contains  Ai, 
that  is  m  times,  and  the  L  DHE  will  contain  the  L  DHo  as  often  as  the  arc  DE  contains  Do,  that 
is,  n  times:  therefore  the  arc  DE  will  contain  as  many  parts  of  the  arc  AB  as  the  L.  DHE  contains 
of  the  L  AGB. 

the  arc  AB          m 
Now,  since     -     -     -     —. 


and  since 


the  arc  DE          n  • 

the  L  AGB  w 

the  L  DHE        ~n' 


the  i  AGB         the  arc  AB 

therefore,  by  equality,  -  n _,,_,  =  77- ^vs: 

the  /  DHE         the  arc  DE' 

,_,,  .  the  /  ACB          the  arc  AB 

therefore  also  (Th.  xxv.)  -r- fTFTFr  =  T TTB- 

'  the  L  DFE          the  arc  DE 

Coroll.  Hence  angles  are  measured  by  the  arcs  of  circles  of  the  same  radii  described  between 
their  legs  from  the  angular  points. 


THEOREM  LV. 
The  ratio  of  the  angles  contained  by  any  two  equal  arcs  is  equal  to  the  reciprocal  ratio  of  their  radii. 

Let  BAG,  EOF  be  any  two    L  s,  and  let  the  arc  BC  described  A. 

from  the  centre  A  be  equal  to  the   arc  EF   described   from  the 
centre  D, 


the  L  D  _.   AB  "        ~^ 

the  /A         DE'  B<—  —  >C 

For  in  AB  take  AH  =  DE,  and  from  the  centre  A  with  the  distance  AH  describe  an  arc  cutting 
AC  at  I. 

Let  AB  =  R,  AH  =  DE  =  r,  the  arc  BC  =  EF  =  A,  and  the  arc  HI  =  a. 

Then,  by  similar  sectors,  ABC,  AHI,      ------     —  =     —  , 


andCTb.liv.)     -    ---     ........     ...          =; 

,,       ,        ,  L  D        R         AB 

therefore,  by  equality,      --------     -  -  •=  —  =  -=r=,. 

L    A  T  .L/  I'j 

Besides  the  characters  already  employed,  we  shall,  in  the  sequel  of  these  elements,  introduce  the 
signs  _L  to?  perpendicular  to,  and  ||  for  parallel  to;  also,  the  letters  expressing  the  sides  and  angles 

2F 


226 


ELEMENTS  AND  PRACTICE  OF  GEOMETRY. 


[PART  IV 


of  similar  triangles  will  be  written  exactly  in  the  order  of  the  lines  of  the  figure,  as  indeed  they 
have  been  in  the  preceding  part  of  this  work.  By  these  means,  we  may  take  the  product  of  the 
extremes  and  means,  or  their  ratios,  at  once:  thus  in  the  triangles  ABC,  DEF  we  may  have 
AB  EF  =  BODE, 


AB 


DE 


AB 


DE 


-  EF'       AC   '•  DF' 


AB 
DE 


EC 

EF' 


according  as  the  one  or  the  other  may  be  the  most  convenient. 


CURVE   LINES. 

GENERAL    DEFINITIONS. 

1.  A  curve  is  a  line,  of  such  a  nature  that  if  any  two  points  be  taken  in  it,  a  straight  line  passing 
through  these  two  points  will  not  coincide  with  any  portion  of  that  line. 

2.  If  PM,  (a  line  of  variable  length,)  be  considered  to  move  Fig.  1. 
parallel  to  itself,  that  is,  always  remaining  at  the  same  angle 

with  the  line  AC,  or  AC  produced,  and  if  we  have  an  equation 
expressed  in  terms  of  the  constant  quantity  AC,  and  the  two 
variable  quantities  CP,  PM,  the  variable  point  M  will  trace  out 
a  line  AM,  called  the  locus  of  the  equation. 

3.  The  curve  traced  by  such  point  is  also  called  the  locus  of  the  point.     The  variable  line  CP  is 
called  the  abscissa,  and  the  other  variable  line  PM  the  ordinate ;  also  the  fixed  point  C  is  called  the 
origin  of  the  abscissa,  and  the  other  fixed  point  A  the  vertex  of  the  curve. 

4.  The  straight  line  CP,  or  the  line  which  contains  CP,  is  called  the  line  of  the  abscissa. 

5.  A  tangential  line  is  a  straight  line  which  touches  a  curve,  and  which  cannot  cut  it,  though 
produced  at  either  of  its  extremities. 

6.  The  point  where  a  tangential  line  touches  a  curve,  is  called  the  point  of  contact. 

7.  The  portion  of  a  tangential  line,  intercepted  between  the  point  of  contact  at  the  extremity  of 
an  ordinate  and  the  line  of  the  abscissa,  is  called  the  tangent  of  the  curve. 

8.  That  portion  of  the  line  of  the  abscissa  intercepted  between  the  ordinate  and  a  tangent  to  tho 
curve  at  the  other  extremity  of  that  ordinate,  is  called  the  subtangent. 

9.  A  line  drawn  from  the  extremity  of  an  ordinate,  perpendicular  to  a  tangent  at  the  same  point, 
to  meet  the  line  of  the  abscissa,  is  called  the  normal. 

10.  The  intercepted  portion  of  the  line  of  the  abscissa  between  the  ordinate  and  the  normal  is 
called  the  subnormal. 


NOTATION. 

In  the  figure  here  annexed,  AC  is  the  abscissa,  MT  the  tangent, 
PT  the  subtangent,  MN  the  normal,  and  PN  the  subnormal;  also, 
AT  is  the  complement  of  the  subtangent. 

In  the  Algebraic  Notation,  let  CA  =  a,  CP  =  t/c,  PM  =  y, 
MT  =  t,  PT  =  s. 


M 


A 


N   C 
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CURVES  OF  THE  FIRST  ORDER. 

DEFINITIONS. 

1.  A  Curve  of  the  first  Order  is  the  locus  of  a  point  of  which  the  sum  or  difference  of  its  distances 
from  two  fixed  points  is  equal  to  a  given  straight  line. 

2.  Each  of  the  two  fixed  points  is  called  a  focus. 

3.  Each  of  the  two  straight  lines  expressing  the  distances  from  a  point  in  the  curve  to  each  focus, 
is  called  a  radius  vector. 

4.  A  straight  line  passing  through  each  focus,  if  terminated  at  both  ends  by  the  curve  or  opposite 
branches  of  it,  is  called  the  axis  major  or  transverse  axis. 

5.  The  middle  point  of  the  straight  line  between  the  two  foci  is  called  the  centre  of  the  figure. 

6.  The  curve  described  by  the  sum  of  the  two  radius  vectors,  when  it  is  equal  to  a  given  line,  is 
called  an  ellipse. 

Thus,  if  FM,  fM  be  any  two  radius  vectors,  and  if  FI,  fl  be 
any  other  two  radius  vectors;  then  if  FM  +  fM  =  FI  +  fl>  the 
curve  is  an  ellipse,  the  straight  line  Aa  is  the  axis  major,  and  the 
point  C  in  the  middle  of  Ff  is  the  centre. 

7.  The  curve  described   by  the  difference  of  the   two    radius 
vectors,  when  it  is  equal  to  a  given  line,  is  called  an  hyperbola. 

Thus  if  FM,  fM  be  any  two  radius  vectors,  and  FI,  fl 
any  other  two ;  then  if  fM  —  FM  =  fl  —  FI,  the  curve 
AIM  is  an  hyperbola,  and  the  equal  and  similar  curve  aim 
is  called  the  opposite  hyperbola. 

Goroll.  Hence,  if  one  of  the  focal  points  be  infinitely  dis- 
tant, any  radius  vector  drawn  from  that  point  will  be  parallel 
to  the  axis  major  or  line  passing  through  the  focal  points; 
whence  we  shall  have  another  species  of  curve  between  the  ellipse  and  hyperbola,  called  a  parabola. 

Let  R  be  any  point  in  the  axis;  draw  RP  _L  Rf,  and  if  Qi  and  Pm  p 

be  any  two  lines  parallel  to  Rf,  and  if  Qi  —  i  f  =  Pm  —  m  f ,  the  curve 
aim  is  a  parabola. 

Hence  if  Pm  =  m  f,  Qi  must  be  =  i  f,  as  also  Ra  =  a  f. 


CUKVES  OF 'THE  FIRST  ORDER. 

OF  THE  ELLIPSE. 

From  the  definition  given  of  the  ellipse,  it  is  evident  that  the  curve  may  be  united  so  as  to  form 
one  continued  line,  which  must  be  understood  in  the  following  definitions. 

DEFINITIONS  (continued). 

8.   A  straight  line  passing  through  the  centre  at  right  angles  to  the  axis  major,  and  terminated  at 
each  end  by  the  curve,  is  called  the  axis  minor. 
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9.  A  straight  line  passing  through  either  focus  parallel  to  the  axis  minor,  and  terminated  by  the 
curve,  is  called  the  latus  rectum  or  parameter. 

10.  The  distance  from  the  centre  to  either  focus  is  called  the  excentricity. 

11.  A  straight  line  which  touches  the  curve  at  the  point  when  a  diameter  or  any  other  line  meet* 
the  curve,  is  called  a  tangent  to  the  extremity  of  such  diameter  or  other  line. 

12.  Any  straight  line  drawn  through  the  centre,  and  terminated  at  each  end  by  the  curve,  is 
called  a  diameter. 

13.  A  diameter  which  is  parallel  to  a  tangent  at  one  extremity  of  another  diameter,  is  called  the 
conjugate  diameter  of  that  other  diameter. 


NOTATION  OF  THE  FIGURE. 


In  the  figure,  Aa  is  the  axis  major  or  transverse  axis,  Bb  the 
axis  minor  or  conjugate  axis,  C  the  centre,  CP  the  abscissa  com- 
mencing at  the  centre,  PM  the  ordinate,  F,  f  the  two  foci,  CF 
or  Of  the  excentricity,  FM,  fM  the  radius  vectors,  MT  the 
tangent,  PT  the  subtangent,  MN  the  normal,  and  PN  the  sub- 
normal. 

In  the  Algebraic  Notation,  besides  what  has  already  been 
defined  of  curves  in  general,  let  CF  =  Cf  =  e. 


PROPOSITION  I.  THEOREM. 


The  sum  of  the  tieo  radius  vectors  is  equal  to  the  axis  major. 


For  (Def.  6) 

FM  +  fM  =  Ff  +  2AF 

FM  +  fM  =  Ff  +  2af 
therefore      -     -    AF  =  af 
wherefore  FM  +  fM  =  Ff  +  AF  +  af  =  Aa  =  2'CA. 


PROPOSITION  II.   THEOREM. 
The  distance  of  either  focus  from  one  extremity  of  the  axis  minor  is  equal  to  the  semi-axis  major. 


For  the  A  BCF  is  equal  and  similar  to  the  A  BCf ;  and  con- 
sequently BF  =  Bf,  and 

since  (Prop,  i.)  FB  +  Bf  =  2- AC 
therefore  -  -  -  2'FB  =  2- AC 
wherefore  -  -  -  FB  =  AC. 
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PROPOSITION  III.  THEOREM. 

The  difference  of  the  squares  of  the  semi-axis  major  and  of  the  eccentricity  is  equal  to  the  square  of  the 

semi-axis  minor. 

Here  FB  =   AC  (Prop,  i.) ;  therefore  FB  =  a  (see  Notation). 
Since  BC2  =  FB2  —  FC2  (Ge.  Th.  xxxv.  Cor  )  V2  =  a?  —  e2. 

Coroll.  Hence  e2  =  a2  —  62.  A 


PROPOSITION  IV.  THEOREM. 

Half  the  difference  of  the  two  radius  vectors  is  equal  to  the  product  of  the  eccentricity  and  the  abscissa 

divided  ly  the  semi-axis  major. 

|  (MF  — Mf  =  — . 

From  M  with  the  radius   Mf  describe  the  circle   ISfR,  cutting 
FM  at  I,  and  Aa  at  S,  and  produce  FM  to  R: 

Then      -     -    SF  =  2Cf  +  2Pf  =  2CP  =  2x, 

and  since     -    Aa  =  FM  +  Mf  =  FM   +  MR  =  FR ; 

therefore      -    Aa  =  FR  =  2a. 

Now  let  FI  =  v,  and  since      -------     Ff  =  2e, 

then  (Ge.  Th.  xlii.)  FR'FI  =  Ff'FS    -     -     -     -    2av  =  lex  ; 


therefore,  dividing  by  4a, 


e  x 
a 


Coroll.  FM  =  a  +  —  ,    and  f M  =  a  —    — . 
a  a 


PROPOSITION  V.  THEOREM. 

The  rectangle  of  the  square  of  the  semi-axis  major  and  the  square  of  an  ordinate,  is  equal  to  the  rectangle 
of  the  square  of  the  semi-axis  minor  and  of  the  difference  of  the  squares  of  the  semi-axis  major  and 
the  abscissa. 

That  is, 
CA2'PM2  =  BC2  (CA2  —  CP2).     Here  FP  =  e  +  x  and  (Pr.  iv. 

p  T                                                                e x\  2 
Cor.)  FM  =  a  H and  (Ge.  Th.  xxxv.  Cor.)  y2  =  (a  H 1     — 

(e  +  a)2  and  (Pr.  iii.  Cor.) e2  =  o2  —  62  :  whence, 

eliminating  e,  and  by  reduction,   we  obtain  a2  y*  =  62  (a2  —  a?) 
which  is  the  equation  of  the  co-ordinates  of  the  axis. 

By  actual  involution  of  the  two  terms  on  the  second  side  of  the  second  conditional  equation,  and 
by  reduction,  we  obtain  a2  y1  =  a4  +  e2  (a?  —  a2)  —  o2  a? ;  then,  by  substituting  a2  —  62  for  e2, 
wo  have  a2  i/2  =  a4  +  (a2  —  62)  (a?  —  a2)  —  a2  a?,  which,  by  multiplying  the  factors  of  the  second 
term,  and  by  reduction,  becomes  a2  j/2  =  62  (n2  —  a?). 
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PROPOSITION  VI.  THEOREM. 

The  ratio  of  two  straight  lines,  ordinates  to  either  axis  of  an  ellipse,  is  equal  to  the  ratio  of  the  same  tico 
lines,  continued  if  necessary,  as  ordinates  in  a  semicircle  described  upon  that  axis  as  a  diameter. 

CB         CD 

That  is,  PM  =   PN  ' 

For  upon  Aa,  as  a  diameter,  describe  the  semicircle  ANDa,  and 
produce  the  ordiuates  CB,  PM  of  the  ellipse  to  meet  the  circle  in 
D  and  M. 

Let  PN  =  r 

By  the  co-ordinates  C  A,  CB,  PM  of  the  ellipse  a2  y-  =  V  (a?  —  x?) 
and  by  the  co-ordinates  C  A,  CD,  PN  of  the  circle  y2  =  a2  —  a2  ; 


therefore,  eliminating  x,     -     -    -     -     - 
wherefore,  dividing  by  t/2  and  extracting, 


The  elimination  of*  is  performed  by  dividing  the  first  equation  by  the  second.11 


PROPOSITION  VII.  PROBLEM. 
To  draw  a  tangent  through  any  point  in  the  prolongation  of  the  axis. 

Let  M  be  the  given  point.  On  the  axis  major  Aa 
describe  the  circle  ANOa.  Through  M  draw  PN  _L  Aa. 
Join  CN,  and  draw  NT  J_  CN,  and  join  TM ;  then  TM 
is  a  tangent  to  the  curve  at  M. 

For  if  TM  is  not  a  tangent  at  M,  it  will  cut  the  curve 
in  some  other  point  K.  Through  K  draw  IK  ||  PM,  and 
prolong  IK  to  meet  the  arc  of  the  circle  in  L,  and  the 
tangent  TN  in  0;  then  10  will  be  greater  than  IL. 

CTPM,  TIK 

By  similar  triangles,  i  TpN    TIQ 

and  by  corresponding  ordinates  (Pr.  vi.)       .... 
whence,  eliminating  PN,  PM,  PT,  IK,  IT,  we  have 
which  is  impossible,  since  10  is  greater  than  IL. 

The  elimination  is  performed  by  simply  multiplying  the  three  conditional  equations  in  the  order 
iu  which  they  stand,  rejecting  the  common  factors. 


TP  IK  =  PM-TI 
PN-TI  =  TP-IO 
IL-PM  =  PN-IK 
-  IL  =  IO, 


*  It  is  evident  by  this  proposition  that  an  ellipse  may  be  readily  described  by  means  of  proportional  compasses;  for 
if  one  end  of  the  instrument  be  opened  to  the  radius  of  the  circumscribing  circle,  while  the  other  end  is  made  to  extend 
to  the  semi-axis  minor  of  the  ellipse,  the  compasses  may  be  applied  successively  to  any  number  of  ordinates,  drawn  either 
regularly,  or  at  random,  as  most  convenient.  The  sector  may  also  be  used,  though  not  so  expeditiously,  for  the  same 
purpose. 
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PROPOSITION  VIII.  PROBLEM. 

The  curve,  the  axis  major,  and  any  diameter  of  an  ellipse,  being  given,  to  find  a  conjugate  to  that 

given  diameter. 


The  construction  of  the  figure  (Pr.  vii.)  remaining, 
draw  CE  J_  NC,  meeting  the  circle  at  E,  and  ER  JL  Aa, 
cutting  the  ellipse  in  D,  and  meeting  Aa  at  R,  and  draw 
the  diameter  Dd ;  then  Mm  and  Dd  are  conjugate  dia- 
meters. 

Because  NT,  CE  are  each  J_  NC,  the  radius  CE  is 
||  NT;  and  since  RE  is  ||  PN,  the  AS  TPN  and  CRE 
are  similar ; 

Therefore,  by  similar  As  TPN,  CRE 

.  PM        PN 


TP-RE  =  PN  CR 
PM  RE  =  PN  RD 


wherefore,  eliminating  PN,  RE 


TP 
PM: 


CR 
:RD' 


consequently  the  two  AS  TPM  and  CRD  are  similar,  and  therefore  the  diameter  Dd  is  parallel  to 
MT ;  wherefore  the  diameter  Dd  is  conjugate  to  Mm.     (Def.  13.) 


PROPOSITION  IX.  THEOREM. 

The  rectangle  of  the  squares  of  any  semidiameter,  and  of  an  ordinate  to  it,  is  equal  to  the  rectangle  of 
the  square  of  the  semiconjuqate,  and  of  the  difference  of  the  squares  of  the  semidiameter  of  the  abscissa 
and  the  abscissa  itself. 


The  construction  of  the  figure  (Pr.  viii.)  remaining,  let 
KG  be  an  ordinate  to  the  diameter  Mm  at  K,  and  prolong 
GK  till  it  meet  Aa  in  I  and  the  curve  in  g,  and  through  the 
point  G  draw  QG  _L  Aa,  and  prolong  QG  to  meet  the  cir- 
cumference •  of  the  circle  in  H.  Draw  HI  J_  NC,  cutting 
NC  in  L,  and  Aa  in  I,  and  through  K  draw  JL  _L  Aa, 
meeting  CN  and  IH  in  L.  Lastly,  draw  LB  ||  IG,  meet- 
ing QH  at  B;  then  shall  CM2-KG2  =  CD2(CM2  —  CK2). 

For  let  CM  =  a,  CD  =  6,  CK  =  x,  LB  =  KG  =  y,  CN  =  CE  =  r,  CL  =  «,  and 

,  BCD,      .......      ^  ^  —  &  V2 


LIT  =  t>  ,- 


and  by  the  co-ordinates  of  the  circle     - 
whence,  by  eliminating  r,  u,  v,  we  obtain 


2 


* 


In  the  third  equation,  for  u2  substitute  its  equal  — 2  from  the  second,  and  we  have  »2  —  _  (02 

In  the  first  equation,  for  t>2  substitute  its  equal  -^  (a2  —  *2)  now  found,  and  we  have  y2  =  -,  (a2 ; 

or,  multiplying  by  a' a2  y2  =  J2  (a2  —  ,2). 
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Cm-oil.  1.  Hence,  also,  62  a;2  =  a2  (62  —  y2),  where  6  is  the  semidiameter  of  the  abscissa,  y  the 
abscissa  itself,  x  the  ordinate,  and  a  the  semiconjugate  diameter. 

For  a2  f  =  a2  62  —  62  *2 ;  therefore,  by  transposition,  Z>2  a;2  =  a2  t2  —  o2  j/2.  That  is,  62  a? 
_  02  (52  —  ^2),  and  this  is  the  same  as  substituting  a  for  6,  6  for  a,  x  for  j/,  and  y  for  a;  in  the 
original  equation  o2  y1  =  I2  (a2  —  **)• 

Since  the  relation  is  the  same  if  taken  upon  either  semidiameter,  the  equation,  which  is  the  locus 
of  the  figure,  is  properly  called  the  equation  of  the  co-ordinates. 

Coroll.  2.  Hence  either  diameter  is  conjugate  to  the  other,  since  the  same  curve  is  produced 
between  every  two  semiconjugate  diameters,  whether  the  abscissa  is  taken  on  the  one  or  the  other. 

Coroll.  3.  Hence,  in  any  equation  expressed  in  terms  of  a,  Z>,  x,  y,  if  the  constants  a,  b,  are 
exchanged  for  each  other,  and  the  variables  x,  y,  for  each  other,  the  relations  will  be  the  same. 

NOTATION. 

We  have  just  seen,  that  any  two  conjugate  diameters  have  the  same  property  as  the  two  axes. 
We  are  now  to  understand  in  the  sequel,  that,  in  all  conjugate  diameters,  the  dbsdssal  diameter  is 
marked  Aa,  and  its  semiconjugate  by  CB  or  Cb,  the  abscissa  by  CP,  the  ordinate  by  PM  ;  and  if 
any  other  ordinate  be  necessary  on  the  same  diameter,  the  abscissa  of  that  ordinate  is  indicated  by 
CH,  and  the  ordinate  itself  by  HI. 

In  the  algebraic  data  and  demonstrations,  CA  =  Ca  is  denoted  by 
a,  CB  by  6,  CP  by  x,  PM  by  y,  as  has  been  adopted  in  respect  of  the 
two  axes. 

Moreover,  we  shall  denote  the  abscissa  CH  by  z,  and  its  correspond- 
ing ordinate  HI  by  y,  so  that  the  equation  of  the  co-ordinates  in  refer- 
ence to  PM  is  a2  y2  =  Z>2  (a2  —  #2),  and  the  equation  of  the  co-ordinates 
in  reference  to  HI  is  a2  y2  =  I?  (a2  • —  if). 


PROPOSITION  X.  THEOREM. 

The  ratio  of  the  two  rectangles  contained  each  by  the  two  segments  of  a  diameter  cut  by  an  ordinate, 
is  equal  to  that  of  the  squares  of  the  two  ordinates  themselves. 

That  is,  AH-Ha  ==Tiia  (see  Fig'  in  Notation^ 
For  (P,-.  ix.)        -        -        -        -        -        -        -        -        -        a2  j/2  =  62  (as  _  *«) 

Again  (Pr.  ix.) «2  y2  =  42  (Q2  _  22) 

y2             Q2  _  X2 
wherefore,  eliminating  o,  -        -        -         -        -         -        -      -^  =:    - — ^ 2 

y2  (g  +  X)  (a  —  x) 

consequently         - --^5=     7 f-i — 

yl  (a  +  2)  (a  _  z) 

For  dividing  the  first  by  the  second  of  the  given  equations,  we  ootain  ^  =:  —^ ^-;  and  by  resolving  each  term  of 

the  fraction  on  the  second  side  of  this  equation  into  its  factors,  we  obtain  ^-= 

(a  +  x)  (a  -  ,•) 
(o  +  z)  (a  — z)' 

Coroll.  Hence  y>  (a2  —  .e2)  =  y2  (a2  —  a?)  is  the  equation  of  the  co-ordinates  CA,  PM,  HI,  or 
y»  (a  +  *)  (a  —  *)  =  y2  (a  +  *)(«,  —  *). 
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PROPOSITION  XI.  THEOREM. 
Given  any  diameter  and  an  ordinate,  to  describe  the  curve  of  the  ellipse  by  continued  motion. 

Draw  AD  _L  Bb.  From  M,  with  the  radius  AD,  describe  an  arc 
cutting  Bb  in  I;  join  MI,  and  prolong  MI  to  G:  draw  PG  _L  PM, 
and  join  CG,  producing  the  line  both  ways  as  far  as  necessary. 

Then,  in  moving  the  straight  line  GIM  so  that  the  point  I  may 
always  be  in  the  line  Bb,  and  the  point  G  in  the  line  CG,  or  its  pro- 
longation, the  point  M  will  trace  out  the  curve. 

For  draw  IH  ||  PG,  cutting  PM  in  H,  and  let  AD  =  MI  =:  c,  HI  =  PF  =  u,  and 
and  we  may  observe,  that  since  MG  =  BC,  MG  as  well  as  BC  will  be  denoted  by  I  : 
Then,  because  of  the  right  L  d  A  MPG,  y2  =  Z»2  —  c3 

CD  AC,    FPC,     -     -     -     -        <?£  =  £*? 
By  similar  triangles  ^  MGP,    MIH,    -  &*  =  <** 

wherefore,  eliminating  c,  u,  v,  wo  have  a2 t/2  =  W  (a?  —  ar). 

For  multiplying  the  second  and  third  equations  together,  we  have  a2  v-  =  i2  X1;  then,  substituting- —  p  in  the  first 
equation  for  t>2,  we  have  a2  y2  =  62  (a2  —  a:2). 


u 


PROPOSITION  XII.  PROBLEM. 

Given  any  two  conjugate  diameters  and  the  position  of  any  other  diameter,  to  find  the  extremities 

of  that  diameter. 
\ 

Let  Fm  be  any  line  given  in  position  to  the  two  conju- 
gate diameters  Aa,  Bb ;  it  is  required  to  find  the  portion 
of  Fm  which  is  a  diameter  of  the  ellipse. 

Draw  FA  ||  Bb,  and  AG  JL  FA.  Make  AG  =  BC  ; 
from  G,  with  the  radius  GA,  describe  the  arc  HAK : 
draw  FG,  cutting  the  arc  in  H,  and  join  GC,  and  draw 
HM  ||  GC,  M  is  a  point  in  the  curve. 

For  let  CF  =  m,  CM  =  LH  ==  n,  GF  =  p,  GH  =  q, 
and  GI  =  v ;  and  because  AG  =  BC,  AG  as  well  as  BC  will : 

fACF,  PCM    - 
By  similar  triangles     -     -    <  CFG,  LHG    -     -     - 

I   i*r\  *       TTr1  T 
\^rljrA,    Jlljrl       - 

and,  by  the  co-ordinates  of  the  circle, 

therefore,  eliminating  TO,  n,  p,  q,  v,  we  have  -     -     - 

For  multiplying  the  three  first  equations  together,  we  have  a2  w2  =  62  a-2  ;  then,  substituting      ^    from  this  equa- 
tion for  «2  in  the  fourth,  we  have  a2  yl  =  42  (a2  —  *2). 
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PROPOSITION  XIII.  PROBLEM. 


Any  diameter  and  an  ordinate  being  given,  to  find  any  point  in  the  curve. 


Draw  FI  ||  Aa,  and  AF  [|  HI:  divide  HI,  FI  each  into  two  such  parts 
(in  g  and  h)  that  the  ratio  of  HI,  Hg  may  be  equal  to  the  ratio  of  FI,  Fh  : 
join  hA,  and  through  g  draw  aM,  meeting  h  A  at  M :  the  point  M  is  in  the 
curve. 

For  draw  hK  ||  FA,  cutting  AH  in  K;  and  let  HI  =  Kh  =  y,  Hg  =  m, 
Fh  =  AK  =  n,  FI  =  AH  =  g,  Ha  =  h,  AP  =  v,  and  Pa  =  w. 

(  APM,  AKh,  v  y  —  ny 
By  similar  triangles  -----     <  „ 

I  at  i>l,   ailg,   wi  w  —  ft  w 

and  since,  by  construction,  2.  -—  £.     .     .    .     .     .     n  y  =  mt/ 

wi        n 

therefore,  eliminating  m  n,     -    -     -    -    -     -     -     -     y%  v  w  =y%  g  h, 

which  result  is  agreeable  to  the  equation  of  the  co-ordinates  (Prop.  x.  Cor.). 

This  result  is  simply  obtained  by  multiplying  the  three  given  equations. 

PROPOSITION  XIV.  THEOREM. 


If  through  any  given  point  two  straight  lines  be  drawn  to  cut  the  curve  each  in  two  points,  the  ratio  of 
the  rectangles  of  the  segments  of  each  line,  from  the  given  point  to  each  point  in  the  curve,  is  equal  to 
the  ratio  of  the  squares  of  the  semidiameters  parallel  thereto. 


Let  Dm,  Dn  be  two  straight  lines  drawn 
from  D,  so  that  Dm  may  meet  the  curve 
in  M,  m  and  Dn  in  N,  n ; 

...  DM-Dm        CB2 
then  will  -,-T  _     =  ^=5-  • 
DN-Dn         CK2 

For  let  us  first  suppose  that  one  of  the 
lines  Di  passes  through  the  centre,  and  that 


it  meets  the  curve  in  I,  i ;  also  let  CI  =  Ci  =  d,  PD  =  v,  and  CD  =  w. 


Then,  by  similar  triangles,  5  HCI'  PCD'  *  **  =  «>*  * 
I  CHI,    CPD,    «2  Z2  =  a-2  y2 

and  (Pr.  ix.)     ----------    a2y2=:J2(a2 #2) 

again  (Pr.  ix.)        -     -     -    -    -    -     -    -     -    <j2  y2  =  J2  (a2 Z2) 

10 

therefore,  eliminating*  a,  x,  y,  z,  we  have 


*  Substitute  —  ^-  found  from  the  first  equation,  and  —  ^-  found  from  the  product  of  the  first  and  second  equations 


respectively,  for  *2,  y3  in  the  fourth  equation,  and  we  have 


=  62  --  <—  ~'     From  tnis  e1uation,  and  also  from 


02  «,2 
the  third  equation  find  the  value  of  %  and  we  at  last  obtain  -=— — ^  —    „          „,  which  is  equivalent  to 

fl*  W*  -       v*  w*  u W^ 

CK2  .     mD-DI         BC2 
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that  is, 


EC?  CP 

mD-DM  ~~   iD-DI 

CK? 


therefore  also,  if  CK  be  parallel  to  Dn     -    np.Djr  = 


and  consequently 


BC2 


CK2 


mD-DM        BC2 


Coroll.  1.  Hence  the  ratio  of  two  tangents  meeting  each  other  is  equal  to  that  of  the  semidiametcrs 
parallel  to  such  tangents. 

For  suppose  Dm  to  touch  the  curve  at  A,  and  Dn  at  P,  the  rectangle 
DM-Dm  will  become  DA2,  and  the  rectangle  DN-Dn  will  become  DP2; 
therefore  the  equation 


K 


PROPOSITION  XV.  THEOREM. 

The  rectangle  under  that  part  of  a  diameter  produced  which  lies  between  the  centre  and  the  intersection 
of  a  tangent  at  the  extremity  of  an  ordinate  and  the  abscissa,  is  equal  to  the  square  of  the  semidiameter 
of  that  abscissa. 


That  is,  CT-CP  =  CA2. 

Produce  the  tangent  TM  to  H,  and  draw  AK,  all  tangents  at  A,  a, 
meeting  TH  at  K  as  well  as  H:  draw  the  ordinate  PM,  and  parallel 
to  Aa  draw  KL,  MN,  cutting  PM  in  L,  and  aH  in  N:  draw  the  semi- 
diameter  CD  parallel  to  KH,  and  the  semidiameter  CE  parallel  to 
AK  or  aH. 

Let  CD  =/,  CE  =  g,  aH  =  m,  AK  =  n,  HM  =  v,  MK  =  «;,  and 
CT  =  « ;  then  will  aP  =  MN  =  a  +  x,  KL  =  AP  =  a  —  x,  Ta  = 
u  +  a,  and  AT  =  u  —  a. 


j  MK'CE  =  AK-CD,  g  w  =  nf 
>aH-CD  =  MH-CE,  m  f  =  v  g 

C  TAK,  TaH,  n  (u  +  a)  =  m  (u  —  a) 
?HMN,MKL,e(a  —  x)  =  w  (a  +  x) 
therefore,  eliminating  m,  n,  v,  w,  we  have     -     -     -     -    «  x  =  a2. 


Now,  since  (Cor.  Pr.  xiv.) 
and  by  similar  AS--- 


Multiply  the  four  equations  together,  and  we  have  (u  +  a)  (a  —  x)  =  (u 
by  actual  multiplication,  and  rejecting  the  common  terms,  we  have  u  x  =  a*. 


a)  (a  +  x)  ;  and 
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PROPOSITION  XVI.  THEOREM. 

If  any  semidiameter  is  situate  between  two  semiconjugate  diameters,  and  if  ordinates  be  drawn  from 
each  extremity  of  these  semiconjugate  diameters  to  the  intermediate  semidiameter,  the  rectangle  of  the 
intermediate  semidiameter,  and  one  of  its  ordinates  is  equal  to  the  rectangle  of  the  semiconjugate  to 
the  intermediate  semidiameter  and  the  abscissa  of  the  other  ordinate. 

Let  AC  be  a  semidiameter  between  the  two  semiconjugate 
diameters  1C,  MC,  then  will  CA'PM  =  CB'CH. 

For  draw  the  semiconjugate  diameter  CB  to  CA,  and  pro- 
long CA  to  T,  and  draw  MT  a  tangent  at  M.  We  have  here 
PT  =  «  —  x. 

Then  (Prop,  xv.)     -- -     -     -     u  x  =  a 

and  by  similar  triangles,    MPT,    IHC,    y2   (u    —  x)2  =  z2  f, 

and  (Pr.  x.  Cor.)  -       y1    (a2  —  z2)  =  y2  (a2  —  a?) 

again  (Pr.  ix.)   -  a2  f  =  ft2  (a8  —  x2) 

wherefore,  eliminating  u,  x,  y,  we  have     --          -    a  y  =  6  z. 

In  the  second  equation,  for  u  substitute  —  from  the  first,  and  we  have  y2  (a2  —  x2)  —  x2  y2  22  ; 

multiply  this  and  the  third  equation,  and  we  have  (a2  —  z2)  (a2  —  a?)  =  x2  z2,  which  by  actual 
multiplication  and  reduction  becomes  a2  —  x?  =  z3  ;  and  this  being  multiplied  by  the  fourth  equa- 
tion, becomes  a  y  =  b  z. 

Coroll.  1.  Hence  a  y  =  b  x. 

Coroll.  2.  Hence  z2  =  a-  —  x2,  x2  =  a2  —  z2,  y2  =  b2  —  y3,  and  y2  =  &2  —  j/2. 


PROPOSITION  XVII.  THEOREM. 

The  rectangle  under  the  two  contiguous  parts  of  a  tangent,  limited  on  each  side  of  the  point  of  contact  by 
the  prolongation  of  two  conjugate  diameters,  is  equal  to  the  square  of  the  semidiameter  parallel  to  that 
tangent. 


Let  CI,  CM  be  two  semiconjugate  diameters,  meeting  the  tangent 
in  T  and  N,  which  passes  through  A,  the  extremity  of  any  semi- 
diameter,  as  CA,  then  AT-AN  =  CB3. 

For  let  AT  =  t,  AN  =  «. 

CCPM,  CAN,       -     -     -     -     ux  =  ay 
By  similar  triangles  CAT>  t*  =  ay 


and  (Pr.  xvi.)       .....  a  y  =  6  z 

and  (Pr.  xvi.  Cor.  1)      -     -  a  y  =  6  x 

therefore,  eliminating  a,  x,  z,  y,  Y,    -          -     -     -     t  w  =  V* 

The  result  is  obtained  by  multiplying  the  four  conditional  equations  as  they  stand,  and  expunging 
the  common  quantities. 
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PROPOSITION  XVIII.  THEOREM. 

If  the  angle  contained  by  one  of  the  radius  vectors  and  the  prolongation  of  the  other  be  bisected,  the 

bisecting  line  will  be  a  tangent  to  the  curve. 

Let  FM  be  produced  to  H,  and  let  the  L  fMH  be  bisected ;  the 
line  MI  which  bisects  the  L  fMH  is  a  tangent  to  the  curve  at  M. 

For  make  MH  =  Mf,  and  from  any  point  I  in  MI  draw  IH  and 
If,  and  join  FI  and  Kf,  and  let  FI  meet  the  curve  in  K. 

Then,  because  MH  =  Mf,  and  MI  common,  and  the  L  HMI  = 
fMI,  therefore  IH  =  If;  and  because  FI  +  If  =  FI  +  IH,  FI  + 
If  c-  FH,  and  consequently  greater  than  FM  +  Mf.  Hence  the  point  I  is  without  the  curve; 
and  since  every  point  in  MI  except  M  is  without  the  curve,  MI  is  therefore  a  tangent  to  the  curve 
at  M. 


PROPOSITION  XIX.  THEOREM. 

If  two  straight  lines  be  tangents  at  the  extremities  of  a  chord  ordinately  applied  to  a  diameter,  they  will 
meet  each  other  in  the  prolongation  of  that  diameter. 

Let  the  chord  MM'  cut  the  diameter  Aa  in  P.  Draw  IF 
||  MM',  and  join  MI,  MT.  Prolong  aA  to  T',  and  let  MI, 
M'l'  prolonged  meet  aT'  in  T  and  T'.  Draw  IK,  I'K',  each  l" 

parallel  to  Aa,  cutting  MM'  in  K,  and  K' ;  the  tangents  MT, 
M'T'  cannot  meet  the  prolongation  of  the  diameter  aA  in  two 
separate  points  T,  T. 

For  let  IK  =  I'K'  =  u,  KM  =  K'M'  =  v,  PT  =  s,  and  PT'  =  S. 

C  MKI,  MPT 

Then,  by  similar  triangles  i  M,K,p>  M'P'T' 

wherefore,  eliminating  u,  v,  y,  we  have S  =  s  ; 

therefore  PT  =  PT' ;  consequently  the  points  T,  T'  coincide,  whatever  may  be  the  distance  of 
MM',  II'. 


s  v  =  u  y 


PROPOSITION  XX.  THEOREM. 

The  rectangle  under  the  semi-axis  major  and  half  the  parameter  is  equal  to  the  square  of  the 

semi-axis  minor. 

Because  FM  +  fM  =  2a,  therefore,  when  FM  _L  Aa,  FM  will 
be  =  y ;  therefore  y  +  fM  =  2a,  and  by  transposition  fM  =  2a 
—  y  ;  and  since  Ff  =  2e,  A. 

(Ge.  Th.  xxxv.  Cor.)     -     -     -    y»  =  (2a  —  y?  —  (2e)\ 
and  since  (Pr.  iii.)   -     -     -     -     b2  =    o?  —  e2  ; 
then,  eliminating  e,       -     -     -    a  y  =  62. 
Therefore  y  is  here  a  constant  quantity.     If  wo  now  put  y  —  \p,  we  shall  have  \a  p  —  W. 
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PROPOSITION  XXI.  THEOREM. 


The  rectangle  under  the  semi-axis  major  and  the  square  of  an  ordinate  to  it,  is  equal  to  the  rectangle 
under  half  the  parameter  and  the  difference  of  the  squares  of  tJie  semi-axis  major  and  of  the  abscissa. 


For  (Pr.  ix.) 
and  (Pr.  xx.) 
therefore,  eliminating  6, 


-  a?  y>  =  I*  (a*  —  a?), 

-  -    b2  =  Ja  p  ; 

a  j/2  =  ip  (a2  —  a?). 


PROPOSITION  XXII.  THEOREM. 

Every  parallelogram  of  which  the  sides  are  parallel  to  two  conjugate  diameters,  and  are  tangents  to  the 
curve,  is  equal  to  the  rectangle  of  the  two  axes. 

Let  CI  and  CM  be  two  conjugate  semidiameters,  and 
let  Aa  be  the  axis  major,  and  Bb  the  axis  minor,  and 
let  the  two  adjacent  sides  UV  and  UX  of  the  parallelo- 
gram UVWX  touch  the  curve  at  M  and  I.  Produce 
Aa  to  cut  UX  in  t  and  VU  produced  in  T.  Draw  the 
ordinates  of  the  axes  HI,  PM  ;  also  draw  CN  perpen- 
dicular to  UV,  cutting  UV  in  N. 

Let  Ct  =  t,  TC  =  r,  CN  =  p,  and  CI  =  n. 

Since  (Pr.  xvi.  Cor.) 

and  (Pr.  ix.) 

and  (Pr.  xv.)        ....... 

tCI,  CTM, 

andbysmnlar  A 


-     -     g>  =  <?  —  a? 
tf  (o?  —  y?)  =  a2  f. 
o?  =  tz  ; 
ty  =  ry 


therefore,  eliminating  r,  t,  x,  y,  z,  v      ......     ab  =  pn. 

Multiply  the  two  first  equations,  and  we  have  Iz  =  ay  ;  multiply  this  and  the  three  remaining 
equations,  and  we  have  ab  :=  pn. 


PROPOSITION  XXIII.  THEOREM. 
The  sum  of  the  squares  of  any  two  conjugate  diameters  is  equal  to  the  sum  of  the  squares  of  the  two  axes 

Let  CM,  CI  be  two  conjugate  semidiameters  on  the  same  side  of 
the  axis  minor  Bb;  then  CM2  +  CI2  =  CA2  +  CB2. 

For  draw  the  ordinates  MP  and  HI  to  the  axis  major  Aa,  and  let 
MC  =  m,  and  CH  =3  n. 

By  (Pr.  xvi.  Cor.  2)       -     -  5  62  =  i/2  +  y2 

CCM2  =  CP2  +  PM2,  m2  =  a?  +  f 
and  since  (Ge.  Th.  xxxv.)  \  ^,9          ^m  _i_   TITS      mi  —    #  _i     2 

/  \j  i       —    \j  n    T~    jn  i         n    —  *     -p  y 
therefore,  eliminating  x,  y,  z,  y,     -     -     -     -     m2  +  n2  =  o2  +  &2- 

For  adding  the  two  first  equations  together,  we  obtain  a2  +  62  =  a?  +  z*  +  y*  +  y1 ;  and  add- 
ing the  two  last  together,  we  have  m2  +  n2  =  a?  +  **  +  y2  +  y2 ;  therefore  m2  +  n2  =  a2  +  62. 
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PROPOSITION  XXIV.  THEOREM. 

The  rectangle  under  the  axis  major,  and  that  part  of  it  between  the  intersection  of  the  normal  and  the 
nearest  focus,  is  equal  to  the  rectangle  under  the  least  radius  vector  and  the  distance  between  the  foci. 


Let  FN  =  «,  fM  =  v,  and  FM  =  w  ;  then  will  fN  =  2e  —  u. 


By  (Prop.  iv.  Cor.) 


and  by  (Ge.  Th.  liii.)  —  =  2e  ~ 
w  u 


whence,  eliminating  v,  w,  u  =  e ^- ' 

The  elimination  is  obtained  by  dividing  the  first  equation  by  the  second ;  and  multiplying  the 

e2x 
result  by  the  third.     By  reduction  we  find  u  =  e 5- . 


PROPOSITION  XXV.  THEOREM. 

The  rectangle  under  the  square  of  the  semi-axis  major  and  the  subnormal  is  equal  to  the  rectangle  under 
the  square  of  the  semi-axis  minor  and  the  abscissa. 

Now,  PF  =  x  —  e.      Let  PN  =  w ;  consequently  w  =  u  +  x  —  e, 

o 

and  by  (Pr.  xxiv.) 


u  =  e 


by    ( Pr.    iii.    Cor. )    e2    =    a2   —    62 ;    therefore,    eliminating 

«,  M,  v, (fw  =  b2x. 

The    elimination   is    obtained    by    substituting   a2  —   62    from   the 

third,  for  e2  in  the  second  equation,  and  we  obtain  u  =  e  —  x   +  — *,    or  by  transposition, 
M  +  x  —  e  =  —5-,  and  consequently  w  =  — T  ;  therefore  a2to  =  62«. 


PROPOSITION  XXVI.  THEOREM. 

The  rectangle  under  the  abscissa  and  the  subtangent  is  equal  to  the  difference  of  the  squares  of  the 

semi-axis  major  and  of  the  abscissa. 

For  PT  being  =  *  (see  Notation,  p.  228),  and  PN  =  w,  and  since  TMN  is  a  right-angled   A  , 
and  PM  ±  TN  (see  Fig.  Pr.  xxv.),  the  A  s  TPM  and  MPN  are  similar. 

Then,  by  similar  A  s  TPM,  MPN, sw  =  y* 

and  (Pr.  ix.)  -      a2  y2  =  62  (a2  —  if) 

and  by  (Pr.  xxv.) &x  =  a1w; 

wherefore,  eliminating  6,  w,  and  y, sx  =  a2  —  a2. 

The  resulting  equation  is  found  by  simply  multiplying  the  three  given  equations  as  they  stand, 
and  rejecting  the  common  factors. 
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CUEVES  OF  THE  FIEST  OEDEK. 

OF  THE  HYPERBOLA. 

DEFINITIONS  (continued).* 

14.  A  line  drawn  through  the  centre  perpendicularly  to  the  transverse  axis,  and  limited  at  each 
extremity  by  the  circumference  of  a  circle  described  from  the  vertex  with  a  radius  equal  to  the 
distance  of  the  focus  from  the  centre  of  the  figure,  is  called  the  conjugate  axis. 

15.  Any  straight  line  drawn  through  the  centre  and  terminated  by  the  opposite  curves,  is  called 
a  diameter. 

16.  A  diameter  which  is  parallel  to  a  tangent  at  the  extremity  of  another  diameter,  is  called  the 
conjugate  of  that  diameter. 

17.  The  distance  of  the  centre  from  either  focus,  is  called  the  excentricity. 

PROPOSITION  XXVII.  THEOREM. 
The  difference  of  the  two  radius  vectors  in  the  hyperbola  is  equal  to  the  transverse  axis. 

Let  Aa  be  the  transverse  axis,  M  any  point  in  the  curve,  F  the 
nearer,  and  f  the  remoter  focus. 

CfM— FM  =  fA— AF  =  fa     +  aA  —  AF 
For(Def.7)    JfM_FM  =  Fa-    af=FA  +  Aa-    af 
therefore  fa  +  aA  —  AF  =  F  A  +  Aa  —  af ; 
consequently       -      -      2af  =  2AF, 
and         -      ...        af  =  AF ; 
therefore       -      fM  —  FM  =  fA  —  AF  =  fA  —  af   =  aA. 

PROPOSITION  XXVIII.  THEOREM. 
The  square  of  the  excentricity  is  equal  to  the  sum  of  the  squares  of  the  two  semi-axes. 

Let  CB  be  the  conjugate  semi-axis;  then,  since  aB  =  Cf  (Def. 

8)  the  excentricity,  and  since  aB2  =  aC2  +  CB2  (Ge.  Th.  xxxv.),                \  h\ 

e2  =  a8  +  62.  — r)^ c— ^(t- 

*  See  definitions  1  to  7,  Elements  of  Geometry,  Curve  Lines. 
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PROPOSITION  XXIX.  THEOREM. 

Half  the  sum  of  the  two  radius  vectors  is  equal  to  the  product  of  the  excentricity  and  the  abscissa  divided 

by  the  semi-axis  major. 


i  (PM  +  fM)  = 


CF  X  CP 
CA 


From  M,  with  the  radius  Mf,  describe  the  circle 
IfSR,  cutting  FM  at  I,  and  Aa  produced  at  S,  and 
produce  FM  to  R.  Let  FR  =  v. 

Now   SF  =  2CF   +  2Pf  =  2CP  =  2x  ;  and  since 
FI  =  2a  (Pr.  xxvii.)  ;  and  since  Ff  =  2e  ; 
and  since  FR-FI  =  Ff-FS  (Ge.  Th.  xlii.)  -  2av  =  4ex 

v ex 

~2~'  IT 
ex  —  a2 


and  therefore,  dividing  by  4a    -     -     - 


Coroll.  FM  =  -  +  a,  and  fM  =  -  —  a  = 
a  a 


PROPOSITION  XXX.  THEOREM. 

' 

The  rectangle  of  the  square  of  the  semi-axis  major  and  the  square  of  an  ordinate  is  equal  to  the  rectangle 
of  the  square  of  the  semi-axis  minor,  and  of  the  difference  of  the  squares  of  the  abscissa  and  the  semi- 
axis  major. 


Here  FP  =  CF  +  CP  =  e  +  x. 

Let  FM  =  v,  and  e  +  x  =  w;    therefore  FP  =  w  = 
«  +  x. 
Then,   since  PX2  =  FM2  —  FP*  (Ge.   Th.  xxxv.   Cor.)   f 


and  since  FM  =  ~    +  a  (Pr.  xxix.  Cor.)  tf  =  (^  +  a)2 


and  since  10  =  e  +  * 
also,  since  (Pr.  xxviii.) 
whence,  eliminating  e,  v,  w 


«2  =  (e  +  xyt 
<?=  a2  +  62; 
y*  =  b3  (x*  —  a3). 


For,  substituting  the  expansions  of  I  —  +  a)3  and  {e  +  x)2  from  the  second  and  third  equations,  for  their  equals 
t>2,  i«2  in  the  first,  we  shall  have  y2  =  ~  (x*  —  a«)  —  x?  +  oft  In  this  equation  substitute  <fl  +  62  from  the  fourth, 
for  «2,  and  we  have  y2  =  "  +  (x"  —  tfl)  —  x?  +  o2  =  ^  (*s  _  o»)  ;  or  multiplying  by  <»2,  02  y2  _  52  (,2  _  O2), 


Corott.  Whence  &2  =     -  *    —  y2. 

* 


2H 
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PROPOSITION  XXXI.  THEOREM. 

The  square  of  the  semi-axis  major  is  equal  to  the  rectangle  of  the  two  parts  of  the  line  of  the  axis,  the 
one  between  the  centre  and  the  intersection  of  the  tangent,  and  the  other  between  the  centre  and  the 
ordinate. 


Let  fM  =  u,   FM   =  v,   fT   =  w,   FT  =  z  ;  then  will 
w  +   z  =  2e. 


And,  since  ^  =  ~  (Ge.  Th.  liii.) 
and  since  (Pr.  xxix.) 
and  since  (Pr.  xxix.  Cor.) 


uz  ^  vw, 
Zex 


=  U  +  V, 

ex— a* 


also,  since     -      -      -      -      -      -      -      -      -      -       to  +  z  =  2e ; 

whence,  eliminating  u,  v,  to         -      -      -      -      -      -        a2  ^  x  (z  —  e). 

For  to  each  side  of  the  first  equation  add  zv,  and  it  will  become  by  ordering  z  («  +  «)  =  « 
(w  +  z).  Multiply  this  and  the  second,  third,  and  fourth  equations  together,  and  we  obtain 
tcz  =  ex  —  a2 ;  whence  c?  =  x  (e  —  z). 


Coroll.  1 .  Hence  z  =  t • 

x 


Coroll.  2.  Hence  PT  =^  FT  +  FP 


=<-f) 


+  Or  _  «)  =  : 


—  a* 


Coroll.  3.  Hence  AT  =  TP  _  AP  =  *'  ~  "'  —  (*  _  a)  =  "  ^  — ">. 


Coroll.  4.  Hence  CT  =  CA  —  AT  =  a  — 


PROPOSITION  XXXII.  PROBLEM. 
Given  the  two  axes  in  position  and  magnitude,  to  find  the  position  of  the  asymptotes.* 


Draw  AD  perpendicular  to  AC,  and  BD  parallel  to  AC  ;  and 
through  the  points  C  and  D  draw  the  straight  line  CN;  CN 
will  be  an  asymptote  to  the  curve. 

For  let  s  =  the  subtangent  PT  (see  Notation)  AT  =  z,  and 


By  similar  triangles  TPM,  TAS 
and  by  co-ordinates  (Pr.  xxx.) 


and  since  AT  =  z  = 


(Pr.  xxxi.  Cor.  3)     -      -    *«z2  =  a2  („  _  a)2; 
and  since  PT  =  »  =  —  —  (Pr.  xxxi.  Cor.  2),  (*2  —  o2)2  =  «2jr2; 

wherefore,  eliminating  8,  y,  z,  we  obtain      -./...       «  =  i  ^/  T  ~~  "• 


*  The  asymptotes  are  straight  lines  drawn  through  the  centre,  continually  approaching  nearer  and  nearer  to  the  curye 
the  farther  they  are  carried,  but  which,  if  infinitely  extended,  would  never  touch  the  curve. 
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If  we  now  suppose  x  infinite,  the  quantity 


x  +  a 


will  not  differ  from  unity ;  we  shall  therefore  have  v  ^  t>. 


and  because  CT  =  —  (Pr.  xxxi.  Cor.  4),  therefore  since  x  by  hypothesis  is  infinitely  great,  —will  be  infinitely  small; 

wherefore,  the  tangent  at  an  infinite  distance  will  pass  through  the  centre  C,  and  therefore  the  asymptote  will  pass 
through  the  points  C  and  D. 

The  above  elimination  is  obtained  simply  by  multiplying  the  given  equations,  and  dividing  out 
the  common  factors. 


PROPOSITION  XXXIII.  THEOREM. 

If  an  ordinate  be  produced  to  meet  each  asymptote,  the  rectangle  of  the  two  segments  of  the  line  between 
the  asymptotes,  as  separated  by  either  branch  of  the  curve,  is  equal  to  the  square  of  the  semi-axis 


For  produce  the  ordinate  PM  at  both  ends  to  meet  the  asymptotes 
in  N  and  n,  cutting  the  other  branch  of  the  curve  in  m. 

bz 


By  similar  As  CAD,  CPN 
therefore 


and 


PN  = 


NM  =  PN  —  PM  =      —y, 

nM  =  PN  +  PM  =  ~  +  y; 


therefore NM  X  Mn  =  —5-  —  ! 

62x2 


and  since  (Pr.  xxx.  Cor.) 
therefore     - 


-   NM  X  Mn  =  J2  =  AD2  =  CB'. 


PROPOSITION  XXXIV.  PROBLEM. 
To  find  the  equation  of  the  co-ordinates  as  it  relates  to  the  asymptotes. 


Draw  AL  and  MQ  parallel  to  the  asymptote  Cu,  cutting 
CN  in  L  and  Q;  also  draw  AI  parallel  to  CN,  cutting  Cu  in 
I ;  then, 

C  NMQ,    DAL  -     -    NM  X  AL  =  MQ  X  AD 
by  similar  As^uMK(    ADL  _     .     UM  x  DL  =  MK  X  AD 

and  by  (Pr.  xxxiii.) AD2  =  uM  x  MN ; 

whence,  eliminating  AD,uM,NM,  AL  x  DL  =  MK  x  MQ. 
But,  because  AL  and  DL  are  equal,  the  result  is  AL2  =  MK'MQ;  that  is,  by  making  AL  =o, 
MK  =  CQ  =  x  the  abscissa,  and  making  QM  =  y  the  ordinate,  we  shall  have  o*  =  xy,  which  is 
the  equation  of  the  co-ordinates  as  it  relates  to  the  asymptotes. 
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PROPOSITION  XXXV.  THEOREM. 

If  any  two  parallel  lines  be  drawn  so  as  to  cut  two  connected  branches  and  their  asymptotes,  the  productt 
of  the  two  segments  of  each  line,  contained  between  the  asymptotes,  and  separated  by  either  of  tht 
branches  of  the  curve,,  are  equal. 

For  let  the  two  parallels  Rr,  Ss,  terminated  by  the  asymp- 
totes in  R,  S,  r,  s,  cut  the  hyperbola  in  the  points  M,  N,  m,  n, 
and  let  the  lines  Ee,  Ff  be  drawn  through  the  points  M,  N, 
perpendicular  to  the  axis,  to  cut  the  connecting  branch  of  the 
curve  in  i,  k,  and  the  asymptotes  in  E,  F,  e,  f,  and  we  shall 
have, 

CRME,  SNF  -     -  RM  x  NF  =  ME  x  SN 
by  similar  AsJrMe,  sNf       -     -   Mr    x  Nf  =    Me  X   sN 

C  ME  x  Me  =  62 
by  (Pr.  xxxiii.)  I  fc2  _  FN  x  Nf 

therefore RM  X  Mr  =  SM'Ns 

* 

and  therefore,  also, rm  x  mR  =  sn  X  nS. 


PROPOSITION  XXXVI.  THEOREM. 

Tf  a  straight  line  be  drawn  between  the  asymptotes  to  cut  two  branches  of  the  curve,  the  parts  of  the 

straight  line  without  the  curve  are  equal. 


By  (Pr.  xxxv.) 


and  since 


CRM  x   Mr  =  TA  X  At 
(  TA  X    At  =  rm  x  niR 
C  Mm  +    mr  =  Mr 
£  Rm=  RM  +  Mm 

therefore,  by  multiplication,  RM  (Mm  +  mr)  =  (rm  (RM  +  Mm) 
and  this,  by  actual  multiplication,  becomes 

RM-Mm  +  RM-mr  =  rnvRM  +  rnrMm  ; 
and  throwing  out  the  common  quantities,  we  have 
RM-Mm  =  rnvMm  ;  and,  dividing  by  the  common  factor  Mm,  RM  =  rm. 


CUEVES  OF  THE  FIEST  OEDEK. 

OP    THE    PARABOLA. 

DEFINITIONS* 

18.  The  line  RP  which  is  at  the  same  distance  from  any  point  of  the  curve        P 

as  the  focus  is  from  that  point,  is  called  the  directrix. 

19.  A  straight  line  drawn  through  the  focus  perpendicular  to  the  directrix, 
is  called  the  axis. 

20.  The  point  of  the  curve  cut  by  the  perpendicular  drawn  to  the  directrix, 
is  called  the  vertex. 


*  See  definitions  I  to  7,  Element!  of  Geometry,  Curve  Linen. 
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21.  A  straight  line  drawn  through  the  focus,  perpendicular  to  the  axis,  and  terminated  by  the 
curve,  is  called  the  parameter,  or  latus  rectum  of  the  axis. 

22.  Every  straight  line  parallel  to  the  axis,  is  called  a  diameter. 

23.  The  point  where  a  diameter  meets  the  curve,  is  called  the  vertex  of  that  diameter. 

24.  A  straight  line  parallel  to  a  tangent,  and  limited  by  a  diameter  passing  through  the  point  of 
contact  and  by  the  curve,  is  called  an  ordinate  to  that  diameter. 

25.  The  part  of  the  straight  line  of  a  diameter  limited  by  its  vertex  and  an  ordinate,  is  called  the 
abscissa. 

26.  A  chord  drawn  from  the  focus  parallel  to  a  tangent  at  the  extremity  of  any  diameter,  is  called 
the  parameter  of  that  diameter. 


PROPOSITION  XXXVII.  THEOREM. 
The  parameter  of  the  axis  is  equal  to  four  times  the  distance  of  the  focus  from  the  vertex. 


Let  RQ  be  the  directrix,  and  Gg  the  parameter ;  and  let  QN  be  perpendicular 
to  RQ:  then  GQ  =  GF  ;  therefore  QG  =  iGg ;  and  consequently,  because  QG 
=  RF,  RF  =  iGg  ;  wherefore  AF  =  AR  =  JGg,  or  4AF  =  Gg. 


PROPOSITION  XXXVIII.  THEOREM. 

The  line  bisecting  the  angle  made  by  the  radius  vector  and  a  line  from  that  point  of  Hie  curve  where  the 
radius  vector  meets  it,  perpendicular  to  the  directrix,  is  a  tangent  to  the  curve. 


Let  ML  bisect  the  angle  FMQ.  In  LM,  or  LM  produced,  take  any 
point  N,  and  draw  NS  perpendicular  to  the  directrix. 

Then,  since  MF  =  MQ  and  L.  FML  =  QML,  FL  =  QL,  and  ML  is 
perpendicular  to  FQ.;  hence  NF  =  NQ  ;  consequently  NF  is  greater  than 
NS,  and  N  is  not  in  the  curve,  which  therefore  lies  wholly  on  one  side  of 
NL. 


tt  S 


PROPOSITION  XXXIX.  THEOREM. 
The  subtangent  of  the  axis  is  double  of  the  abscissa. 

Because  the  parallels  TP  and  QM  are  joined  by  TM,  the  alternate  angles 
PTM  and  QMT  are  equal ;  but  because  the  L  FMQ  is  bisected,  the  L  QMT 
=  FMT;  therefore  the  L.  FMT  =  PTM  ;  and  therefore  FM  =  FT.  But 
PR  =  AP  +  AR  =  AP  +  AF  ;  and  since  FT  =  FM,  and  FM  =  PR 
therefore  FT  =  PR  ;  consequently  PF  =  TR  ;  and  since  AF  =  AR,  there- 
fore PF  +  AF  =  TR  +  AR.  But  PF  +  AF  =  AP,  and  TR  +  AR  = 
AT  ;  whence  AP  =  AT,  and  consequently  AP  +  AT  =  twice  AP. 
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PROPOSITION  XL.  THEOREM. 
The  rectangle  under  the  parameter  and  the  abscissa  of  the  axis  is  equal  to  the  square  of  the  ordinate. 

That  is,  Gg  X  AP  =  PM2. 

Let  AP  =  *,  PM  =  y,  AF  =/,  Gg  =  p  ;  then  will  FP  =  AP  —  AF 
=  x  _/,  PM  =  PR  =  *  +  /. 

Since  (Ge.  Th.  xxxv.)  FP2  +  PM2  =  FM2,  (*  — /)2  +  y2  =  (*  +  /)2 
wherefore,  by  multiplication  and  reduction,     -     -     -        2/2  =  4/a:  ; 

and  since  (Pr.  xxxvii.)    -     -     -          4f  =  p, 

therefore,  eliminating /, 2/2=  Px- 

This  will  be  found  simply  by  actual  multiplication,  rejecting  the  common  terms  x2,  /2,  and  trans- 
posing 2fx, 


PROPOSITION  XLI.  THEOREM. 

The  rectangle  under  the  parameter  and  a  perpendicular  from  any  point  in  the  curve  to  a  chord  ordinately 
applied  to  the  axis,  is  equal  to  the  rectangle  under  the  two  segments  of  that  chord. 


\, 


That  is,  P  X  QR  =  QM  X  Qtn  ;  where  p  is  the  parameter. 
Let  AO  =  z,  OR'=  y,  Qm  =  u,  QM  =  v,  and  QR  =  w.     . 
Then  will  Qm  =  Pin  +  OR  =  y  +  y  =  u, 

QM  =  PM  —  OR  =  y—v  —  v, 

QR  =  AP  —  AO  =  x  —  z  =  w. 

(px  =  y2 

Since  (Pr.  xxix.  Cor.)  ^'AO  =  OR2,  andp-AP  =  PM2   ¥ „  _    a 

therefore    -     -     -     -    p  (x  —  z)  =  (y  —  y)  (y  +  y),  or  pw  =  wo 

For,  by  subtracting  the  second  equation  from  the  first,  we  have  px  —  pz  =  y2  —  y2,  or  p  (x 

-  (y  +  v)  (y  —  *)• 


PROPOSITION  XLII.  THEOREM. 

The  ratio  of  the  two  parts  of  a  chord,  perpendicular  to  the  axis,  on  each  side  of  a  parallel  to  the  axis,  is 
equal  to  the  ratio  of  the  two  parts  of  that  parallel  on  each  side  of  the  curve  between  the  chord  and  a 
tangent  at  the  extremity  of  that  chord. 

...          '  - 

MQ        RS 
That  is,  -7^-  =  ^^' 
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Let  Qm  =  u,  QM  =  «,  QR  =  w,  and  QS  =  s;  then  will  MQ  =  Mm 
—  Qm  =  2y  —  u,  and  RS  =  QS  —  QR  =  *  —  w ;  and  since  AT  =  AP 
•=  x,  PT  =  2x ;  and  since  PM  =  y,  Mm  =  2y. 

By  similar  A  s  MQS,  MPT 2xv  =  sy 

by  (Pr.  xl.) tf  =•  px 

and  by  (Pr.  xli.)        pio  =  uv ; 

therefore,  eliminating  p,  v,  x, 2wy  =  su. 


Now,  subtracting  uw  from  each  side, 
by  uw, 


w  (2y  —  «)  =  «(«  —  w),  and  dividing  each  side 

2y  —  u  s  —  w 

u  w 


PROPOSITION  XL1II.  THEOREM. 

The  rectangle  of  the  parameter  and  the  portion  of  a  line,  parallel  to  the  axis,  which  lies  between  the  curve 
and  a  tangent,  is  equal  to  the  square  of  that  part  of  a  chord,  drawn  through  the  point  of  contact  per- 
pendicular to  the  axis,  between  that  point  and  the  prolongation  of  the  line  which  is  parallel  to  the  axis. 

That  is,  p  X  IE  =  CK2. 

Since  (Pr.  xlii.)     —,.  =  ^- EI-KL  =  EK-KC 

JiJV  ivlj 

and  (Pr.  xl.) 

therefore,  eliminating  EK,  KL, 


p-El   =CK2. 


PROPOSITION  XLIV.  THEOREM. 

The  ratio  of  two  lines  parallel  to  tht  axis,  intercepted  between  the  curve  and  a  tangent,  is  equal  to  the 
ratio  of  the  squares  of  the  parts  of  the  tangent  intercepted  between  the  point  of  contact  and  the  intersec- 
tion of  each  of  the  parallels. 

AT        CT2 


That  is, 


ET  "T5T5" 


and  by  similar  AS  TCD,  ICK, CT2-CK2  =  CD2'CI2 

wherefore,  eliminating P>  CD,  CK, CT2-EI  =  CP-AT, 

CT2       AT 
and  dividing  by  CI2'EI     -----------     — -^  =  -^-  • 


PROPOSITION  XLV.  THEOREM. 
The  ratio  of  the  abscissas  of  any  diameter  is  equal  to  that  of  the  squares  of  the  ordinates- 

That  is,  CL,  CN  being  the  abscissas,  LE,  NA  their  corresponding  ordinates,  i/]i 

NA2  _  CN 

El3"  CL' 

Draw  the  tangent  CT,  which  will  be  parallel  to  NA,  and  draw  El  and  AT 
parallel  to  NC. 

Let  CL  =  IE  =  *,  CN  =  AT  =  z,  LE  =  CI  =  y,  and  NA  =  CT  =  y. 

_.        ™      ..    N       AT        CT2  *         y2 

Since  (Pr.  xhv.)      -r^j  = 
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PROPOSITION  XLVI.  THEOREM. 

A  line  parallel  to  the  axis,  terminated  by  a  double  ordinate  and  a  tangent  at  the  extremity  of  that  ordi 
note,  is  divided  by  the  curve  in  a  ratio  equal  to  that  in  which  the  line  divides  the  double  ordinate. 


Let  MS  =  v,  sr  =  x,  SR  =  z,  si  =  m,  Ms  =  n,  MR  =  t,  and  Ml  =  u. 

Then  IR  =  MR  —  MI  =  t  —  u,  and  rl  =  Is  —  rs  =  m  —  x. 

Then,  by  similar  A  s  RSM,  IsM,       .........     zn  =  mv, 

and  by  (Pr.  xliv.)    -  =  -„    ..........  '  -     -     m?  =  zn\ 

X  71 

and  by  similar  A  s,  IMS,  RMS,     ..........       nt  rs  we  ; 

therefore,  eliminating  n,  v,  z,      -    -     .........      tx  =  mu, 

or,  subtracting  ux  from  both  sides,     -     -     -     -     -     -     -       (t  —  w)  a;  =  (»»  —  a)  u. 

Coroll.  Hence  the  subtangent  is,  in  all  cases,  double  of  the  abscissa  ;  for  when  t  =  2w,  the  ex- 
pression x  (t  —  M)  r=  M  (m  —  x)  becomes  2x  =  in,  srMS  =  sl'Ms. 


PROPOSITION  XLVII.  THEOREM. 

If  two  tangents  meeting  each  other  be  divided  each  into  two  parts,  so  that  the  ratio  of  the  parts  of  the  one 
may  be  equal  to  the  ratio  of  the  parts  of  the  other  in  a  contrary  order,  a  line  drawn  between  the  points 
of  division  will  touch  the  curve,  and  the  two  parts  of  such  line,  divided  by  the  point  of  contact  with  the 
curve,  will  have  a  ratio  to  each  other  equal  to  that  of  the  parts  of  the  tangents. 

Let  CD  be  divided  in  G,  and  DE  in  H,  so  that  7=^  =  ^j-'  the  line  GH 


TTT  P  T)  WF1 

touch  the  curve  in  the  point  I,  and  ~  will  be  =  ~  =  ~  • 

Itx  1j(j          rl  L) 

For  through  the  points  G,  I,  D,  H,  draw  the  diameters  GK,  IL,  DM,  ''  K  L  M  jr 

HN,  as  also  the  lines  CI,  El,  which  will  be  double  ordinates  to  the  diameters  GK,  HN  ;  therefore 
the  diameters  DM,  GK,  HN  will  bisect  the  chords  CE,  CI,  El,  joining  the  several  points  of 
contact. 

Now  KM  =  CM  —  CK  =  }CE  —  iCL  =  1LE  =  LN  =  NE,  and  MN  =  ME  —  NE  = 
ICE  —  1LE  =  iCL  =  CK  =  KL.  Let  MN  =  CK  =  KL  =  w,  and  KM  =  LN  =  NE  =  v  ; 
,  u  ^  GI  _  CG  _  DH 

n  »     IH     GD  ~HE' 
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VARIOUS  ORDERS  OF  LINES. 

CORVES  are  distinguished  as  of  two  kinds,  viz. — Algebraical  and  Transcendental. 

Algebraical  Curves  are  those  in  which  the  relation  of  the  abscissas  to  the  ordinates  can  be  defined 
by  a  common  algebraical  expression. 

Transcendental  Curves  are  those  in  which  the  abscissa  or  ordinate  depends  on  some  transcendental 
quantity ;  as  an  arc,  sine,  cosine,  logarithm,  &c. 

Lines  are  divided  into  various  orders,  according  to  the  degree  of  the  equation  expressing  the  con- 
ditions of  the  locus. 

The  locus  of  a  simple  equation  is  called  a  line  of  the  first  order. 

The  locus  of  a  quadratic  equation  is  called  a  line  of  the  second  order. 

The  locus  of  a  cubic  equation  is  called  a  line  of  the  third  order ;  and  so  on. 

LINES  OF  THE  FIRST  ORDER. 

Let  C  be  a  fixed  point,  PM  an  ordinate  to  the  abscissa  CP; 
then  CP  being  =  x,  and  PM  =  y,  the  equation  which  regulates 
the  length  of  the  ordinate  PM  may  be  ay  =  c  +  bx.  Now,  in 
order  to  ascertain  the  distance  of  the  point  A  (where  the  locus 
AM  cuts  the  abscissa)  from  the  fixed  point  C,  y  or  PM  must  be 

=  zero  or  nothing,  and  consequently  c  +  bx  =  0,  and  therefore  x  =  —  - ;  which  indicates  that, 
when  y  is  zero,  x  must  be  set  towards  the  left  hand  at  the  distance  of  -? ;  but  when  x  =  0,  ay  =  c, 

and  consequently  y  =  -c 
a 

Therefore,  if  in  the  line  AP  we  fix  the  point  C,  and  make  the  distance  CA  = 

C  C 

,  ,  and  draw  CD  at  a  given  angle  to  AC,  and  make  CD  =  — ,  then  CD  will  be 
b  a 

the  ordinate  at  the  point  C. 

Since  AP  =  AC  +  CP,  AP  =  ~  +  x  -  c  +&  bx  ;  therefore  we  shall  have  ^_        c  p 

£  and   -31 —  respectively  for  the  two  distances  AC,  AP,  and  — ,  y  for  the  corresponding  ordinates 
CD,  PM. 

Now  v-  X  y  =  — - —  X  -,  or  ay  =  c  +  bx,  the  proposed  equation.     It  therefore  appears  that 
the  locus  AM  is  a  straight  line,  for  the  ratio  of  AC,  AP  is  equal  to  that  of  CD,  PM. 

LINES  OF  THE  SECOND  ORDER, 

Let  the  equation  of  the  co-ordinates  be  y2  =  A  +  Bx  +  Cx?.  Now  in  order  to  ascertain  in 
terms  of  the  given  quantities  A,  B,  C,  where  the  locus  AM  cuts  the  abscissa,  we  must,  as  before, 

2i 
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make  y  =  0,  and  consequently  A  +  Bx  +  Ca?  =  0 :  the  solution  of  this  quadratic  equation  gives 

*  = = — ^ -,  which  indicates  that  y  may  be  =  zero  in  two  different  places ;  there- 

2t  \j 

fore  the  locus  of  this  equation  must  either  be  one  continued  line  or  two  separate  lines,  as  it  will 
meet  the  abscissa  in  two  different  points. 

Since  y9  =  A  +  Bx  +  Ca?,  we  shall  have  y  =  ±  V  {A  +  Bx  +  Ca?) ;  from  which  it  is  evident 
that  the  greater  x  is,  the  greater  also  must  be  the  value  of  y,  and  therefore  there  can  be  no  real 
value  of  y  between  the  two  values  of  x;  whence  the  curve  can  never  return  to  itself:  the  equation, 
therefore,  belongs  to  two  separate  curves. 

In  the  equation  x  = = — ^ ,  when  both  values  of  x  are  affirmative,  the  vertices 

4(j 

of  both  curves  are  on  the  right  hand  of  the  origin  C  of  the  abscissa ;  if  both  are  negative,  they  are 
on  the  left ;  and  if  one  be  affirmative  and  the  other  negative,  the  affirmative  value  is  on  the  right  of 
C,  and  the  negative  on  the  left.  The  value  of  y  in  relation  to  any  value  of  x  between  the  two  ver- 
tices is  imaginary. 

When  B1  —  4 A  C  is  negative,  the  axis  of  the  curve  changes  the  direction  assumed  for  it,  and 
takes  the  parallelism  of  the  ordinates ;  for  in  this  case  no  value  of  y  can  ever  become  zero. 

In  order  to  exemplify  what  has  now  been  advanced,  let  the  locus  of  the  curve  be  the  equation 
y1  =  3a?  +  8x  +  4.  By  making  y  =  0,  we  shall  have,  from  the  equation  3x?  +  8z  +  4  =  0,  the 
two  values  of  x,  —  f  and  —  2 ;  which  indicate  that  the  vertex  of  the  one  curve  is  §  of  unity  to  the 
left  hand  of  the  assumed  point  C,  and  that  the  vertex  of  the  other  curve  is  2  in  the  same  direction ; 
therefore  the  distance  between  the  vertices  is  1 J. 

In  order  to  calculate  the  ordinates,  since  the  vertices  of  both  curves  are  towards  the  left,  we  shall 
begin  with  the  greatest  negative  value  of  x,  and  proceed  progressively  by  adding  unity,  which  will 
of  course  diminish  the  negative  values,  and  increase  the  affirmative  opes. 

Let  *  =  —  5  ;  then  y  =   ±   V  (3*»  +  8*  +  4)  =  V  39  =  6'24 


X   =   

4 

-     -    y  =  4-47 

X   =   

3 

-    y  =  2-64 

X   =   

2 

-     -    y  =  Q 

X    =   

1 

•     -    y  =  imaginary 

X   =   — 

! 

-    -   y  =  0 

*  = 

0 

-    -    y  =  2 

X   = 

1 

-    -    y  =  3-87 

X   = 

2 

-    y  =  5.65 

*  = 

3 

y  =  7-41 

&c. 

&c. 

Let  y2  =  Sx2  ±  6*  +  4  be  proposed  as  another  example:  but' since,  making  y  =  0,  the  equation 
3a?  ±  Qx  +  4  =  0  has  no  real  root,  therefore  every  value  of  y  is  possible.  Here  it  might  be  proper 
to  inquire  what  might  be  the  value  of  x,  when  y  is  the  least  possible ;  but  as  this  would  lead  us  to 
the  differential  calculus,  we  shall  drop  this  inquiry,  and  begin  at  pleasure,  making  the  first  negative 
value  of  x,  3,  and  ascending  to  its  positive  values,  by  adding  unity  to  every  last  value.  The  several 
values  of  y  in  the  equation  y  =  V  (3^  ±  6x  +  4)  corresponding  to  the  assumed  values  of  *,  are  as 
stated  in  the  following  table  : — 
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When  x  =  —  3,  y  =  7'0 
x  =  —  2,  y  =  5-28 
x  =  —  1,  y  =  3-605 


* 

:=    ^ 

0, 

y 

= 

2 

•0 

X 

as 

1, 

y 

= 

1 

•0 

* 

= 

2, 

y 

= 

2 

•o 

« 

i= 

3, 

y 

= 

3 

•605 

,r 

= 

4, 

y 

^ 

5 

•28 

* 

=T 

5, 

y 

= 

7 

•0 
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The  curves  may  easily  be  drawn  according  to  the  values  of  the  quantities  thus  found. 

As  a  further  illustration,  let  it  be  required  to  trace  the  locus  of  the  equation  i/2  =  4  —  x  —  !#*. 

Making  y  =  0,  we  shall  find  x  —  —  4,  or  +  2  ;  therefore  one  extremity  of  the  axis  is  four  equal 
parts  on  the  left  hand  of  the  origin  of  the  abscissa,  and  the  other  extremity  two  equal  parts  on  the 
right  of  it  ;  and  consequently  the  whole  axis  is  equivalent  to  six  equal  parts. 

It  will  therefore  be  proper  to  find  the  values  of  y,  beginning  the  first  when  x  =  —  4,  and  y  =  0  ; 
therefore,  making  x  successively  —  4,  —  3,  —  2,  —  1,  ±  0,  1,2,  in  the  equation  y  =  J  (4  —  x 
—  I*2),  and  aggregating  the  quantities  within  the  ±  0,  1,  2,  <fec.  radical  sign,  and  extracting  the 
root  each  time,  we  shall  find  the  values  of  y  agreeable  to  the  assigned  values  of  x  in  the  following 
table  :— 

When  x  =  —  4,  y  =  0 

x  =  —  3,  y  =  1-58 
*  =  —  2,  y  =  2-0 

x    =    --    1,    y    _    2  12 

x  =   +    0,  y  =  2-0 
x  =  +   1,  y  =  1-58 
x  =  +  2,  y  =  0. 

The  curve  will  return  to  itself  in  all  cases  when  the  sign  of  the  term  which  contains  the  square  of 
*  is  negative,  whatever  may  be  the  signs  of  the  other  two  terms. 

Equations  which  have  the  sign  of  the  term  containing  the  square  of  x  negative,  .can  only  be  in 
one  of  the  four  following  forms,  viz.  :  — 


or  Py'  =  A  —  Ex  —  Ca? 
or  Py*  =  —  A  +  Bx  —  Co? 
or  Pf  =  —  A  —  Bx  —  OB* 

It  is  evident  in  the  last  of  these  equations  that  x  cannot  have  any  affirmative  values,  for  then  both 
values  of  y  will  be  negative,  and  consequently  impossible. 

Let  it  be  required  to  trace  the  locus  of  the  equation  Py*  —  A  +  Bx. 

Making  y  =  0,  the  quantity  x  can  only  have  one  value,  from  the  equation  A  +  Bx  =  0  ;  there- 
fore the  curve  cannot  cut  the  abscissa  in  more  than  one  point  ;  hence  it  is  evident  there  can  neither 
be  a  continued  curve,  nor  two  opposite  ones. 
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By  way  of  illustration,  let  y2  =  3  +  2x,  or  y  =  ±   V  (3  +  2x). 

3 
Making  y  =  0,  we  shall  have  =  —  5  =  —  1'5  ;   from  which  it  appears  that  the  apex  of  the 

curve  is  1-5  on  the  left  of  the  origin  ;  therefore,  making  x  =  —  1,  x  =  +  0,  x  =  1,  x  =  2,  &c.  in 
the  equation  y  =  ±  V  (3  +  2ar),  aggregating  the  quantities  within  the  radical  sign,  and  extracting 
the  root  each  time,  we  shall  find  the  values  of  y  agreeable  to  the  assigned  values  of  x  in  the  fol- 
lowing table  :  — 


X   =    

1, 

</  =  v 

rl 

=  1-00 

X   = 

0, 

J/  =  * 

r3 

=  1-73 

JC   = 

1, 

y  =  * 

r5 

=  2-23 

X    = 

2, 

y  =  „ 

'7 

=  2-64 

X    = 

3, 

y  =  * 

'9 

=  3-00 

&c. 

&c. 

We  shall  observe,  to  conclude,  that  all  lines  of  the  second  order  are  curves  of  the  first  order,  so 
that  every  quadratic  equation  is  the  locus  of  an  ellipse,  hyperbola,  or  parabola. 


SECTION    II. 
PKACTICAL  GEOMETRY. 

CHAP.  I.— GEOMETRICAL  PROBLEMS  AS  REGARDS  PLANE  FIGURES. 

NOTATION. 

POINTS  are  merely  assumed,  that  is,  taken  at  pleasure,  or  are  given  in  position  previous  to  the  com- 
mencement of  any  operation,*  and  are  either  made  with  a  pen  or  pencil ;  but,  in  nice  operations, 
they  are  formed  with  the  pointed  extremity  of  an  instrument. 

The  only  instruments  allowed  in  practical  geometry,  are  a  pair  of  compasses  and  a  ruler,  which 
is  a  bar  of  wood  or  metal,  with  one  straight  edge.  The  compasses  or  dividers,  as  they  are  called, 
serves  to  measure  the  distance  between  any  two  points,  or  to  transfer  the  distance  between  any  two 
points  to  any  other  place,  and  also  round  a  given  point  to  describe  a  circle  which  may  have  any 
given  radius.  The  ruler  is  employed  in  directing  the  motion  of  a  point  in  a  straight  line. 

When  any  number  of  letters  indicating  points  are  written  in  succession,  each  of  such  distinguish- 
ing letters  is  separated  from  the  following  one  by  a  comma. 

A  line  which  stands  alone  is  sufficiently  distinguished  by  placing  a  letter  as  near  to  one  end  of  il 
as  possible ;  but  when  a  line  is  required  to  be  distinguished  from  others  crossing  it  in  one  or  more 
points,  it  is  necessary  to  place  a  letter  at  each  of  its  extremities :  in  this  case,  the  letters  which  in- 
dicate the  line  are  brought  together  in  the  text,  without  the  intervention  of  any  mark  of  division. 

When  any  two  letters  are  thus  placed  together  in  the  text,  without  having  the  word  line  or  straight 
line,  or  arc,  immediately  preceding  these  letters,  a  straight  line  is  implied.  Thus,  if  it  is  said,  draw 
CD  parallel  to  AB ;  the  meaning  is,  to  draw  the  straight  line  denoted  by  CD  parallel  to  that  denoted 
by  AB :  or  to  draw  the  straight  line  which  has  C  at  one  of  its  ends,  and  D  at  the  other,  parallel  to 
the  straight  line  which  has  A  at  one  of  its  ends  and  B  at  the  other. 

*  In  practice,  we  must  absolutely  begin  with  a  point:  then,  if  we  wish  to  represent  a  line  on  a  given  surface,  we 
must  assume  or  give  two  points,  through  which  the  line  is  to  pass,  and  draw  the  line  through  them :  and  if  we  would 
represent  a  surface,  we  must  draw  lines  round  it ;  but  though  a  drawing  may  be  made  on  any  surface,  it  is  convenient  to 
use  a  plane,  or  plane  surface. 

Since  a  point,  a  straight  line,  and  a  surface,  only  exist  in  the  imagination,  we  must  therefore  use  the  surface  of  a  solid 
for  drawing  upon;  the  straight  edge  of  a  ruler  instead  of  a  straight  line;  and  the  end  of  a  sharp-pointed  instrument, 
pencil,  or  pen,  instead  of  a  point. 

Now,  if  a  point  is  made  with  a  sharp-pointed  instrument  through  the  surface  of  a  solid,  it  will  displace  a  small  portion 
of  the  solid,  and  form  a  cavity  of  equal  capacity ;  and  if  formed  by  a  pen  or  pencil,  it  will  leave  a  small  solid  upon  the 
surface;  so  that  in  directing  practical  operations,  as  a  point  must  be  visible,  it  is  either  a  small  void,  or  a  small  solid. 
For  the  same  reason  as  a  line  must  be  seen,  it  must  have  both  breadth  and  thickness,  whether  considered  as  a  small  solid 
or  void.  From  what  has  now  been  said,  it  is  evident  that,  though  geometrical  operations  are  accurate  in  a  theoretical 
point  of  view,  they  are  only  very  near  approximations  in  practice;  therefore,  the  smaller  we  can  assume  points,  and  the 
finer  we  can  draw  lines,  the  more  accuracy  we  shall  obtain  in  our  operations. 
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An  angle  which  stands  alone  is  indicated  by  a  single  letter. 

When  two  or  more  angles  meet  together  at  the  same  point,  in  order  to  distinguish  any  particular 
angle  from  the  rest,  it  is  necessary  to  place  a  letter  somewhere  in  each  line,  and  another  letter  at 
the  point  where  the  angles  meet  each  other :  the  angle  thus  denoted  will  be  expressed  in  the  text 
by  three  letters,  without  any  mark  of  division  between  any  two  of  them. 

When  three  letters  are  placed  together,  without  any  word  to  denote  the  thing  they  point  out,  they 
mean  an  angle.  Thus,  if  it  were  said,  make  ABC  equal  to  EFG,  the  meaning  is,  to  make  the  angle 
denoted  by  ABC  equal  to  the  angle  denoted  by  EFG;  or  to  make  the  angle  formed  by  the  two 
straight  lines  AB,  BC,  equal  to  the  angle  formed  by  the  two  straight  lines  EF,  FG. 

A  figure  is  denoted  by  placing  a  letter  at  the  meeting  of  every  two  sides,  and  these  letters  follow 
each  other  in  the  text,  without  being  separated  by  any  mark. 

A  circle,  or  an  arc  of  a  circle,  is  denoted  by  placing  three  or  more  letters  either  upon  or  as  near 
to  the  circumference  as  they  can  be  written,  and  in  the  text  by  placing  them  in  succession  without 
any  mark  between  them. 

All  given  points  and  lines,  whether  straight  or  circular,  are  expressed  by  Roman  letters ;  and 
those  points  and  Hues  which  are  either  assumed,  or  found  by  the  operation,  are  denoted  by  italics  ; 
given  points,  unconnected  with  lines,  are  denoted  by  capitals.  The  extremities  of  lines  are  also 
denoted  by  capitals,  and  the  intermediate  points  of  division  in  lines,  by  small  letters. 

The  constructive  lines  of  a  diagram  are  either  dotted  or  drawn -very  thin,  in  order  to  distinguish 
them  from  given  and  required  lines,  which  are  much  more  strongly  marked. 

When  the  word  join  immediately  precedes  two  letters,  the  meaning  is  to  draw  a  straight  line  be- 
tween the  points  where  these  two  letters  are  placed  ;  thus,  if  it  be  said,  join  A  B,  we  are  tO' understand 
that  a  straight  line  is  to  be  drawn  between  the  point  at  A  and  the  point  at  B  ;  and  this  amounts  to 
the  same  thing  as  if  it  had  been  said,  draw  A  B. 

When  the  word  bisect  is  used  with  regard  to  a  straight  line,  or  the  arc  of  a  circle,  or  an  angle,  it 
means  that  the  straight  line  is  to  be  divided  into  two  equal  parts,  or  the  arc  is  to  be  divided  into  two 
equal  arcs,  or  that  the  angle  is  to  be  divided  into  two  equal  angles. 

And  when  the  word  trisect  is  used,  it  means  to  divide  the  thing  to  which  it  is  applied  into  three 
equal  parts,  whether  it  be  a  straight  line,  the  arc  of  a  circle,  or  an  angle. 


PROBLEM  I. 
Between  two  given  points,  A  and  B,  to  draw  a  straight  line. 

Lay  the  straight  edge  of  a  ruler  upon  the  point  A ;  then  if  the  edge  of  the  ruler  thus  applied  to 
the  point  A  coincide  also  with  the  point  B,  draw  the  point  of  a  pencil  or  pen  from  A  to  B,  keeping 
it  always  close  to  the  straight  edge ;  then  the  trace  which  it  leaves  upon  the  surface  is  the  straight 
line  required. 

But  if  the  straight  edge  coincides  with  the  point  A,  and  not  with  the  point  B,  move  the  ruler 
round  upon  A,  until  the  straight  edge  arrive  at  the  point  B ;  then  draw  the  straight  line  from  A  to 
B  as  before. 

Fig.  44 
A B 


SKCT.  II.]  PRACTICAL  GEOMETRY.  255 

* 

PROBLEM  II. 
To  produce  or  extend  a  straight  line  to  any  distance  from  one  of  its  extremities. 

Apply  the  straight  edge  of  a  ruler  to  the  extremity  of  the  straight  line  which  is  to  be  produced, 
and  take  any  other  point  in  the  said  straight  line,  so  far  from  the  end  thus  applied,  that  the  distance 
may  be  less  than  the  extent  of  the  straight  edge ;  then  slide  the  edge  of  the  ruler  upon  the  two  fixed 
points,  until  one  end  of  the  straight  edge  arrive  at  the  point  taken  in  the  given  line;  then  draw  a 
line  close  to  that  part  of  the  straight  edge  which  is  not  upon  the  line  from  the  end  to  be  continued, 
and  the  given  line  will  be  produced  as  required.  The  operation  may  be  repeated  so  as  to  lengthen 
a  straight  line  to  any  extent. 

PROBLEM  III. 

Mound  a  given  point  to  describe  the  arc  of  a  circle,  or  the  whole  circumference  of  that  circle,  with 

any  given  radius, 

Press  the  legs  of  the  compasses,  so  that  the  distance  between  their  extremities  may  be  equal  to 
the  radius  given  ;  then  place  one  of  the  extremities  of  the  legs  upon  the  given  point,  carry  the  other 
leg  round ;  and  the  trace  which  it  leaves  will  be  the  arc  or  circumference,  according  as  the  line 
traced  out  by  the  moving  point  has  two  extremities,  or  none.  In  this  last  case  it  will  enclose  a  space, 
and  will  therefore  be  a  plane  figure. 

PROBLEM  IV. 
At  a  given  point  C  to  draw  a  perpendicular  to  a  given  straight  line  AB. 

From  the  given  point  C,  with  any  radius,  describe  an  arc,  so  as  to  Fig.  45,  No.  1. 

cut  the  line  AB  in  two  points  d  and  e.  From  the  points  d  and  e  with 
the  same  radius,  or  any  other  equal  radii,  describe  arcs  cutting  each 
other  in  /,  and  draw  the  straight  line  C/;  then  C/  is  perpendicular 
to  AB.  /''" 


This  problem  supposes  the  line  AB  to  be  so  long  that  both  the  Fig-  45,  No.  2, 

points  d  and  e  may  fall  upon  it ;  but  the  point  C,  through  which 
the  perpendicular  passes,  is  not  limited  to  any  situation,  and  con- 
sequently the  problem  divides  itself  into  two  cases  ;  one  where  the 
point  C  is  out  of  the  line  AB,  and  the  other  where  it  is  in  the  line 
AB ;  but  the  same  description  serves  alike  for  each  case.  In  No.  1,  A~ 

the  point  C  is  in  the  line  AB  ;  but  in  No.  2  it  is  out  of  it. 
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PROBLEM  V. 

From  a  given  point  B,  at  or  near  the  end  of  a  straight  line  AB,  to  erect  a  perpendicular. 

METHOD  1. 

Take  any  point  e  above  the  line  AB,  and  with  a  radius  or  dis-  F'K- 

tance  eB  describe  an  arc  cBd,  cutting  the  straight  line  AB  in 
the  point  c :  draw  a  straight  line  through  the  point  c  and  the 
centre  e,  so  as  to  meet  the  arc  in  d ;  draw  the  straight  line  Bd, 
and  Ed  will  be  perpendicular  to  AB,  as  required  to  be  done. 

This  problem  may  be  performed  on  the  ground,  in  the  follow- 
ing manner : —  A 

Take  a  tape  of  any  convenient  length,  and  double  it ;  fasten 
one  end  in  the  point  B,  and  the  other  end  in  e ;  take  hold  of  it  by  the  middle  where  it  is  doubled, 
and  stretch  each  half,  and  put  a  pin  in  the  point  e.  Loosen  the  end  B,  and  carry  it  round  the  arc 
to  d,  so  that  the  point  c,  e,  d,  may  be  in  a  straight  line,  and  the  line  cd  stretched  between  c  and  d : 
this  may  be  adjusted  by  the  eye  of  the  operator  when  it  comes  into  the  straight  line  with  c  and  e ; 
then  draw  the  line  dB,  which  will  be  perpendicular  to  AB,  as  required. 

METHOD  2. 

Let  AB  be  a  five  foot  rod,  or  a  line  consisting  of  five  equal  parts,  Fig.  47. 

and  let  it  be  required  to  draw  a  perpendicular  from  the  end  D  of  the 
straight  line  CD. 

Make  DC  equal  to  four  parts ;  upon  D,  with  a  radius  of  three  parts, 
describe  an  arc  at  e ;  from  C,  with  a  radius  of  five  parts,  describe  an- 
other arc  at  e ;  then  through  the  intersection  e  and  the  point  D  draw 
the  straight  line  eD,  and  eD  will  be  perpendicular  to  CD,  as  required.  A ,  , 

This  method  depends  on  the  47th  proposition  of  the  first  Book  of 

Euclid.  It  is  commonly  called  the  Pythagorean  theorem,  being  discovered  by  Pythagoras,  who,  it 
is  said,  sacrificed  a  whole  hecatomb  of  oxen  on  the  occasion.  Euclid  shows  that  the  square  of  the 
hypothenuse,  or  longest  side  of  a  right-angled  triangle,  is  equal  to  the  sum  of  the  squares  of  the 
other  two  sides.  Now  the  side  Ce  being  5,  its  square  is  25,  which  is  equal  to  the  sum  of  the  squares 
of  4  and  3,  which  are  16  and  9,  making  together  25 ;  agreeably  to  that  celebrated  theorem. 

METHOD  3. 

When  the  point  through  which  the  perpendicular  is  to  pass  is  above  the  line. 

Let  E  be  the  point  through  which  the  perpendicular  is  to  pass,  Fis-  48> 

and  AB  the  line  to  which  it  is  to  be  drawn. 

In  AB  take  any  two  convenient  points  c  and  d ;  from  c,  with 
the  radius  cE,  describe  the  arc  E/;  and  from  d,  with  the  radius 
dE,  describe  an  arc  cutting  tl»>>  former  arc  in  /,  and  draw  the 
straight  line  E/,  which  will  be  perpendicular  to  AB,  as  re- 
quired. 
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PROBLEM  VI. 


At  a  given  point  E  in  the  straight  line  DE,  to  make  an  angle  equal  to  a  given  angle  ABC. 


From  the  point  B  with  any  radius,  describe  an  arc  cutting  AB 
at  g,  and  BC  in  h :  from  the  point  E  with  the  same  radius  describe 
an  arc  ik,  cutting  DE  in  i ;  make  ik  equal  to  gh,  and  through  the 
points  E,  k,  draw  the  straight  line  EF ;  then  the  angle  DBF  will 
be  equal  to  the  angle  ABC,  as  proposed  to  be  done. 


Fig.  49,  No.  1. 


Fig.  49,  No.  2. 


PROBLEM  VII. 


Through  any  given  point  C,  to  draw  a  straight  line  parallel  to  a  given  straight  line  AB. 


METHOD  1. 

In  AB  take  any  point  /,  the  more  distant  from  C  the  better. 
Join  C/:  from /with  any  radius  describe  an  arc  cutting  AB  at 
g,  and/C  at  h;  from  C,  with  the  same  radius,  describe  an  arc 
t  k  cutting  Cf  at  i ;  make  t  k  equal  to  g  Ji ;  through  C  and  k 
draw  the  straight  line  DE,  and  DE  will  be  parallel  to  AB  as 
required. 

It  may  be  here  observed,  that  this  problem  depends  upon  the  last. 


Fig.  fiO. 


Fig.  51. 


METHOD  2. 

Through  C  draw  C/  perpendicular  to  AB,  cutting  AB 
in/;  take  any  point  g,  the  more  remote  from /the  bet- 
ter, and  draw  <j  h  also  perpendicular  to  AB  ;  make  g  h 
equal  to/C ;  and  through  the  points  C  and  h,  draw  the 
straight  line  DE,  which  will  be  parallel  to  AB  as  re- 
quired. 

N.B.  Instead  of /C  and  gh  being  perpendicular  to  AB,  they  may  be  drawn  at  any  equal  angles  ; 
but  as  the  intention  of  this  Treatise  is  to  assist  the  workman  or  builder,  who  is  generally  provided 
with  a  square,  parallel  ruler,  and  a  right-angled  triangle,  it  is  better  to  draw  them  perpendicular. 

2* 


A. 
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PEOBLEM  VIII. 
To  draw  a  straight  line  at  a  given  distance  parallel  to  a  given  straight  line  AB. 


c 


d,      B 


In  AB,  take  any  two  points  c  and  d,  the  more  remote  FiS-  52- 

the  better :  from  each  of  these  points,  with  a  radius 
equal  to  the  distance  required,  describe  arcs  e  and/, 
and  draw  the  straight  line  GH  to  touch  the  arcs  e  and 
/;  then  GH  is  parallel  to  AB.  '  A  o 

PROBLEM  IX 
To  divide  a  given  line  AB  into  two  equal  parts  by  a  perpendicular. 

From  the  point  A,  with  any  radius  greater  than  the  half  of  AB,  Fig.  53. 

describe  an  arc ;  from  the  point  B  with  the  same  radius,  describe 
another  arc  cutting  the  former  in  the  points  e,  f,  and  draw  the 
straight  line  ef,  which  will  be  perpendicular  to  AB  as  required. 

N.B.  This  operation  is  called  bisecting  a  given  line  AB  by  a  per- 
pendicular. 


PEOBLEM  X. 
Upon  a  given  straight  line  AC,  as  the  diameter  of  a  circle,  to  describe  the  circumference  of  that  circle. 

Divide  AC  into  two  equal  parts  in  the  point  e :  from  e.  as  a  centre, 
with  the  radius  eA.  or  eC,  describe  the  circumference  ABCD,  and  the 
thing  required  is  done. 


PEOBLEM  XI. 
To  bisect  any  arc  AB  of  the  circumference  of  a  circle. 

Join  AB,  or  suppose  it  to  be  joined,  and  bisect  AB  by  a  perpendicular, 
cutting  the  given  arc  AB  in  d  ;  then  the  arc  AB  is  divided  into  two  equal 
area  d  A  and  dB,  as  required  to  be  done. 


Fig.  55. 
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At  a  given  point  A  in  the  circumference  of  a  circle,  to  apply  a  straight  line  DE  less  than  the  diameter, 

as  a  chord  to  that  circle. 


From  the  point  A,  with  the  radius  DE,  describe  an  arc  cutting  the  cir- 
cumference in  B  ;  join  AB,  and  AB  is  a  chord  to  the  circle  ABC,  equal 
to  the  straight  line  DE,  as  required. 


Fig.  56. 


PROBLEM  XIII. 
Through  a  given  point  A  t'n  the  circumference  or  arc  BAG  of  a  circle,  to  draw  a  tangent. 

METHOD  1. 

When  the  centre  of  the  circle  is  given. 

Draw  a  line  from  the  given  point  A  to  the  centre  E,  and  through  A  draw  Fig.  57. 

FG  perpendicular  to  EA,  then  FG  is  the  tangent  required. 


METHOD  2. 

When  the  centre  is  inaccessible  or  not  within  reach. 

From  the  given  point  A  take  any  two  successive  arcs  Ad,  d  e, 
and  with  the  chord  of  the  arc  A.d,  as  radius,  describe  the  arc  h  i ; 
draw  the  chord  Ac,  cutting  the  arc  h  i  at  h  :  make  d  i  equal  to 
d  h,  and  through  the  points  A  and  »  draw  the  straight  line  FG, 
which  is  the  tangent  required. 


F'g.  58 


PROBLEM  XIV. 
Through  a  given  point  P,  without  the  circumference  of  a  circle  ABC,  to  draw  a  tangent  to  that  circle. 

Through  the  centre  E  and  the  given  point  P,  draw  E  P  ;  and  Fig.  59. 

on  EP  as  a  diameter  describe  the  semicircle  EDP,  cutting  the 
circumference  of  the  given  circle  ABC  in  D  :  join  DP,  and  DP 
is  the  tangent  required. 
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PROBLEM  XV. 
Given  a  straight  line  FG,  touching  the  circumference  of  a  given  circle  ABC,  to  find  the  point  of  contact. 

Through  flie  centre  E  draw  EP  perpendicular  to  FG,  and  cutting  FG 
in  P  ;  then  P  is  the  point  of  contact  required. 


AXIOMS. 

Axiom  I.  If  a  circle  touch  a  straight  line  at  a  given  point,  the  centre  is  in  another  straight  line, 
drawn  from  that  point  perpendicular  to  the  given  straight  line. 

Axiom  2.  If  one  circle  touch  another,  the  centres  of  the  two  circles  and  the  point  of  contact  will 
be  in  one  straight  line. 

Axiom  3.  If  a  circle  pass  through  two  given  points,  the  centre  is  in  the  perpendicular  bisecting 
the  straight  line  terminated  by  these  points. 

Axiom  4.  If  the  centre  of  a  circle  is  in  two  straight  lines,  it  will  be  in  the  point  where  the  two 
straight  lines  meet  each  other. 

Axiom  5.  If  any  two  given  points  be  joined,  and  the  straight  line  which  is  extended  to  these  points 
be  bisected  by  a  perpendicular,  any  point  in  the  perpendicular  will  be  equally  distant  from  each  of 
the  two  given  points. 

Axiom  6.  If  a  straight  line  be  drawn  parallel  to  one  of  the  sides  of  a  triangle,  the  straight  line  will 
cut  the  other  two  sides  of  the  triangle  in  the  same  proportion. 

Axiom  7.  If  two  straight  lines  cut  any  number  of  given  parallels,  the  two  straight  lines  will  be 
divided  in  the  same  proportion. 

Axiom  8.  If  two  parallel  straight  lines  be  cut  by  any  number  of  converging  lines,  or  lines  terminat- 
ing in  a  point,  the  intercepted  parts  of  the  one  parallel  will  be  proportionals  to  the  intercepted  parts 
of  the  other. 

PROBLEM  XVI. 
Through  three  given  points  A,  B,  C,  not  in  a  straight  line,  to  describe  the  circumference  of  a  circle. 

Join  AB  and  BC,  or  suppose  them  to  be  joined,  and  bisect  each  F'g-  61. 

of  the  lines  AB  and  BC  by  a  perpendicular,  and  let  the  two  per- 
pendiculars meet  in  d ;  from  the  point  d  with  the  radius  cZA,  dB, 
or  dC,  describe  the  circumference  A  B  C  of  a  circle,  which,  pass- 
ing through  any  one  point,  will  necessarily  pass  through  the  other 
two. 
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PROBLEM  XVII. 

Two  straight  lines  AB  and  CD  being  given  in  position,  but  not  in  a  straight  line,  to  describe  the  arc  of 
a  circle  that  shall  touch  them  both,  and  one  of  them  AB  in  a  given  point  E. 

If  AB  and  CD  do  not  meet,  produce  each,  so  that  they  may 
both  meet  in  t ;  make  i  g  equal  to  iE  ;  and  draw  EA  perpen- 
dicular to  AB,  and  g  h  perpendicular  to  CD  :  from  h  with  the 
distance  AE  or  h  g,  describe  the  arc  Efg,  which  was  required  to 
be  done. 


PROBLEM  XVIII. 

To  describe  the  arc  or  circumference  of  a  circle  that  shall  touch  a  straight  line  AB  in  a  given  point  G, 
and  that  shall  pass  through  a  given  point  H,  not  in  the  same  straight  line  with  AB. 


*"ig.  63. 


Draw  Gc  perpendicular  to  AB,  and  join  GH,  or  suppose  it  to 
be  joined:  bisect  GH  by  a  perpendicular  c  d:  from  the  point  c, 
where  the  two  perpendiculars  Gc  and  dc  meet,  and  with  the  radius 
cG,  describe  the  arc/GH,  and  it  will  pass  through  the  point  H 
as  desired. 


DEMONSTRATION. 

Because  Gc  is  perpendicular  to  AB,  the  centre  of  the  circle  that  will  touch  the  straight  line  AB 
is  in  the  perpendicular  Gc,  by  Axiom  1  ;  and  because  the  perpendicular  cd  bisects  the  straight  line 
GH,  the  centre  of  a  circle  passing  through  the  points  G  and  H  is  in  the  line  cd,  by  Axiom  3  ;  there- 
fore, since  the  centre  of  the  circle  is  in  the  two  straight  lines  Gc  and  dc,  it  is  in  the  point  c  of  their 
intersection. 


PROBLEM  XIX. 

To  describe  any  portion  of  the  circumference  of  a  circle  that  shall  touch  a  straight  line  AB  in  a  given 
%  point  P,  and  that  shall  also  touch  a  given  circumference  or  arc  FGH. 


Draw  PC  perpendicular  to  AB,  and  through  e  the  centre 
of  the  arc  FGH  draw  Fe  parallel  to  PC,  cutting  the  circle 
FGH  in  F  :  join  FP,  and  produce  FP  to  meet  the  arc 
FGH  in  q.  Join  q  e,  meeting  PC  at  c,  and  from  c  as  a 
centre,  with  the  radius  cP,  describe  an  arc  which  will 
touch  the  given  circumference  or  arc  FGH  at  q;  then 
Pq  r  is  the  arc,  or  circumference  required. 


Fig.  64. 
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DEMONSTRATION. 

Because  PC  is  drawn  from  the  point  P  perpendicular  to  AB,  the  centre  of  the  circle  which  will 
touch  the  line  AB  in  P  is  the  straight  line  PC  ;  and  because  Fe  is  parallel  to  PC,  the  triangles  qeF 
and  qcP  are  similar ;  but  because  F  and  q  are  in  the  circumference  of  the  circle  FGH,  Fe  and  qe 
are  equal,  being  radii  of  the  circle  ;  therefore,  since  qe  is  equal  to  eF,  the  portion  qc  of  eq  must  be 
equal  to  cP  ;  whence  a  circle  described  from  c  with  the  radius  cP  will  pass  through  the  point  q,  and 
touch  the  straight  line  AB  at  P.  Now,  since  the  centres  e  and  c  of  the  two  circles,  and  the  point  q 
are  in  one  straight  line,  the  two  circles  will  also  touch  each  other  at  q. 

PROBLEM  XX. 

To  describe  two  arcs  that  shall  meet  each  other  in  the  line  of  their  centres,  and  that  shall  touch  two  straight 
lines  DP  and!  ER,  at  a  given  point  in  each  line  ;  and  that  the  arc  belonging  to  the  lesser  circle  shall 
have  a  given  radius. 

Let  R  be  one  of  the  points  of  contact,  and  P  the  other. 

From  the  point  of  contact  P,  draw  Pa  perpendicular  to  the 
tangent  PD  ;  and  from  the  other  point  of  contact  R,  draw  R6 
perpendicular  to  the  other  tangent  ER.  Make  Pa  and  R&  each 
equal  to  the  given  radius,  and  join  a  b :  bisect  a  6  by  a  perpen- 
dicular/c,  cutting  Pa  produced  at  c  :  join  c  b,  and  produce  c  6 
to  q.  From  c,  with  the  radius  cP,  describe  the  arc  Pq,  and  from 
b,  with  the  radius  b  q,  describe  the  arc  gR ;  then  will  the  arcs 
Pq  and  jR  meet  each  other  at  q  in  the  same  straight  line  with 
their  centres  c  and  b,  and  touch  the  line  ER  at  R,  and  PD  at  P. 

DEMONSTRATION. 

Because  R6  is  perpendicular  to  ER,  the  centre  of  the  circle  which  touches  the  line  ER  at  R  is 
iu  the  line  R6  ;  for  the  same  reason,  because  Pa  is  perpendicular  to  PD,  the  centre  of  the  circle 
which  touches  the  straight  line  PD  at  P  is  in  the  line  Pa,  or  Pa  produced. 

Again,  because  ab  is  bisected  by  the  perpendicular  /c,  the  points  a  and  6  will  be  equally  distant 
from  any  point  in  fc  ;  therefore  ca  and  cb  are  equal  to  each  other  :  and  because  bq  is  equal  to  6R, 
and  6R  is  equal  to  aP,  bq  is  equal  to  oP  ;  whence  cq  is  equal  to  cP  ;  therefore  a  circle  described 
from  c  with  the  radius  cP  will  touch  the  circle  gR  at  q  in  the  same  straight  line  with  the  centres  6 
and  c  ;  likewise  the  arc  qR  will  touch  the  straight  line  ER  at  R,  and  the  arc  Pq,  the  straight  line 
PD  at  P. 

PROBLEM  XXI. 
To  divide  a  straight  line  AB  into  any  number  of  equal  parts. 

Through  one  end  B  of  the  straight  line  AB,  draw  BC,  making  any  given  angle  with  AB,  and 
through  the  other  end  A  draw  AD  parallel  to  BC  ;  set  as  many  equal  parts  upon  each  of  the  par- 
allels, beginning  at  the  point  in  the  given  line,  as  the  given  line  AB  is  to  contain  equal  parts,  and 
join  the  one  extremity  of  the  given  line  to  the  remote  extremity  of  the  line  which  forms  an  angle 
with  it,  and  join  every  two  corresponding  points  in  succession  of  the  parallel  lines  ;  the  lines  thus 
joining  will  divide  the  given  line  AB  into  the  number  of  parts  required. 
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EXAMPLE. 
Divide  the  line  AB  into  Jive  equal  parts. 

Through  B  draw  BC,  making  any  angle  with  AB,  and  through 
A  draw  AD  parallel  to  BC  ;  from  either  end  A  of  the  line  AB 
set  fire  equal  parts  upon  the  parallel  AD  that  joins  that  end,  and 
from  the  other  end  B  set  five  equal  parts  upon  the  parallel  BC 
connected  with  the  given  line  AB  at  B,  and  let  C  be  the  point 
where  the  last  part  reaches  to :  join  AC  ;  1,1;  2,  2  ;  3,  3,  &c., 
and  AB  will  be  divided  into  equal  parts  at  the  points  a,  b,  c,  &c. 


Fig.  60. 
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PROBLEM  XXII. 
To  divide  the  circumference  of  a  circle  into  any  number  of  equal  parts, 

It  is  rather  unfortunate  for  the  practice  of  geometry,  that  this  division  can  be  effected  by  direct 
geometrical  principles  only  in  a  few  cases,*  and  that  all  these  cases  cannot  be  resolved  by  the  same 
method.  The  number  of  primary  cases  i?  five,  viz. : — a  circle  may  be  divided  into  two,  three,  four, 
five,  and  six  equal  parts,  but  we  cannot  continue  the  progression  any  further  ;  it  is  however  evident, 
that  when  one  of  these  divisions  is  found,  any  multiple  of  that  division,  by  any  term  of  the  geome- 
trical series  of  numbers  2,  4,  8,  16,  &c.  may  be  found  by  continual  bisection;  so  that,  though  we 
may  find  certain  divisions  without  limitation,  the  intervals  to  be  filled  will  be  much  more  numerous 
than  the  points  of  division  which  can  be  ascertained  by  rule :  but  as  these  rules,  though  limited,  are 
of  the  greatest  use  to  the  workman,  we  shall  proceed  to  show  the  particular  method  for  effecting 
each  case. 


*  The  following  method  may  be  seen  in  many  of  our  modern  publications  of  practical  geometry ;  it  is  general,  and  in 
all  cases  near  the  truth,  but  not  exact  in  any  case;  indeed  not  sufficiently  exact  for  a  correct  drawing. 

To  divide  the  circumference  of  a  circle  into  parts  which  shall  be  nearly  equal  to  each  other  from  a  given  point  A. 

Fig.  67. 

Draw  the  diameter  Ac  and  the  diameter  bd  at  right  angles  to  Ac.  Produce  od  to  f,  and 
make  df  equal  to  three  quarters  of  the  radius :  divide  the  diameter  Ac  into  as  many  equal 
parts  (by  Prob.  XXL),  as  the  number  of  equal  parts  required  in  the  circumference ;  and 
from  the  point/,  and  through  the  second  point  2  of  division,  draw  the  straight  line  fg  ; 
then  the  part  Ag  of  the  circumference  will  be  nearly  equal  to  the  part  required.  If  the 
line  be  drawn  through  the  first  point,  of  course  it  will  cut  off  a  corresponding  portion  of  the 
tcmicircle  U>c. 
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RULE  1. 


For  dividing  the  circumference  of  a  circle  into  2,  4,  8,  16,  32,  &c.  equal  parts,  from  a  given  point  A 

in  the  circumference. 


Draw  the  diameter  Ac,  and  the  circumference  will  be  divided  into 
two  equal  parts,  Ae  and  eA:  bisect  each  of  the  arcs  Ae,  eA,  or  draw 
the  diameter  g  c  at  right  angles  to  Ae,  and  the  circumference  will  be 
divided  into  four  equal  parts  Ac,  c  e,  e  g,  gA :  bisect  each  of  these  arcs 
of  the  fourth  part,  and  the  circumference  will  be  divided  into  eight 
equal  parts  A6,  6  c,  c  d,  d  e,  &c.,  and  so  on,  as  long  as  we  please  to 
double  the  last  number  of  equal  parts  by  continual  bisection. 

RULE  2. 


For  dividing  the  circumference  of  a  circle  into  3,  6,  12,  24,  &c.  equal  parts,  from  a  given  point  A. 

in  the  circumference. 


Fig.  6». 

A 


From  the  point  A,  with  the  radius  of  the  circle,  describe  an  arc  cutting 
the  circumference  in  b ;  from  6,  with  the  same  radius,  describe  an  arc 
cutting  the  circumference  in  c,  and  so  on  continually  one  point  after  an- 
other is  found,  and  the  circumference  will  be  divided  into  six  equal  parts, 
at  the  points  A,  b,  c,  d,  &c. 

The  circle  may,  by  this  means,  also  be  divided  into  three  equal  parts, 
by  passing  over  every  other  division. 

By  bisecting  each  arc  of  the  sixth  part,  the  whole  circumference  will 
be  divided  into  twelve  equal  parts ;  and  if  each  arc  of  the  twelfth  part  be  bisected  again,  the  whole 
circumference  will  be  divided  into  twenty-four  equal  parts  j  and  so  on,  as  often  as  we  please  to  double 
the  last  number  of  equal  parts. 

RULE  3. 

To  divide  the  circumference  of  a  circle  into  5,  10,  20,  40,  &c.  equal  parts,  from  a  given  point  A 

in  the  circumference. 


Draw  the  diameter  Ak  and  the  diameter  /  g  at  right  angles  to 
Ak ;  bisect  the  radius  Og  in  p,  and  from  p,  with  the  radius  p  A, 
describe  the  arc  Ah  cutting  /  g  in  h :  then  the  straight  line  AA 
will  divide  the  circumference  into  five  equal  parts  A&,  b  e,  c  d,  d  e, 
e  a;  and  by  continually  bisecting  the  arcs,  we  shall  arrive  at  the 
number  of  equal  parts  as  proposed  by  the  rule. 

By  the  three  rules  given,  we  can  divide  the  circumference  of  a 
circle  into  any  number  of  equal  parts  between  one  and  seven :  and 
it  may  be  generally  observed,  that,  when  the  primary  number  of 
divisions  is  effected,  the  circumference  may  be  divided  into  any 
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multiple  of  the  parts  which  is  produced  by  any  term  of  the  series  2,  4,  8,  16,  &c. :  thus,  when  the 
primary  number  is  found,  that  number  may  be  doubled,  quadrupled,  octupled,  &c.  by  continual 
bisection  of  the  arcs. 


RULE  4. 

To  divide  the  circumference  of  a  circle  into  any  number  of  equal  parts,  by  trials. 

Set  the  points  of  the  compasses  or  dividers  as  near  to  the  chord  of  one  of  the  parts  as  can  be  con- 
jectured or  guessed  at ;  then  apply  this  distance  as  successive  chords  round  the  circumference  of  the 
circle,  and,  if  the  circumference  is  divided  into  "more  parts  than  are  required,  the  points  of  the 
dividers  must  be  made  to  subtend  a  greater  distance ;  but  if  the  circumference  contain  fewer  parts, 
the  points  of  the  compasses  must  be  made  to  subtend  a  less  distance.  Proceed  in  this  way  by  con- 
tinually correcting  the  distance  last  found  of  the  points  of  the  dividers,  until  the  number  of  equal 
parts  are  found. 

We  have  no  occasion  to  apply  this  rule  for  any  number  of  equal  parts  less  than  seven.  The 
greater  the  number  that  is  required,  the  more  difficult  it  will  be  to  approximate  to  the  true  dis- 
tance.* 


*  This  method  of  approximation  is,  however,  in  practice,  the  best  and  most  accurate  that  can  be  resorted  to  for 
dividing  lines  and  circles;  for  if  a  line  be  divided  as  is  shown  in  the  example  to  Prob.  XXI.  though  the  points  may  be 
accurately  marked  in  the  two  parallels,  yet  there  is  great  chance  that,  in  drawing  the  lines  across,  the  pencil  is  not  placed 
exactly  at  the  points,  or  may  not  be  held  precisely  upright,  or  at  the  same  angle  during  the  whole  length  of  the  line, 
which  are  considerable  sources  of  error. 

In  the  practice  of  perspective,  and  in  drawing  and  contriving  machinery,  it  often  happens  that  lines  and  circles  are  to 
be  divided  into  numbers,  that  render  the  method  of  simple  trial  scarcely  practicable.  Thus,  suppose  it  were  required  to 
divide  a  circle  into  37  parts;  now  to  repeat  by  trial  37  divisions  round  the  circle  is  very  tedious,  and  it  is  hardly  possible 
to  effect  the  division  correctly,  because  a  very  small  inaccuracy  in  the  opening  of  the  compasses,  when  repeated  37  times, 
amounts  to  a  great  error. 

The  best  method  in  these  cases  is  to  subtract  such  a  small  number  from  the  number  proposed,  as  will  leave  one  easily 
cli  visible,  and  then,  from  the  length  of  the  whole  line  of  circumference,  to  calculate  what  will  be  the  length  of  the  small 
part  so  cut  off.  Set  off  this  part  from  a  scale,  or  protractor,  and  then  divide  the  remainder  of  the  circle  or  line  into  the 
parts  required  by  trial. 

Example.  37  —  1  =  36,  therefore,  by  subtracting  1,  we  produce  a  number  very  easily  divisible,  for  3X3X4=  36. 
Now  suppose  that  the  circle  is  7  inches  in  diameter,  the  circumference  will  be  (nearly  enough  for  our  present  purpose) 
22  inches,  and  the  37th  part  of  such  circumference  will  be  §^,  or  '59  of  an  inch :  therefore,  set  off  "59  of  an  inch  as  one 
part,  and  divide  the  remainder  of  the  circumference  into  4  parts,  each  of  these  again  into  3,  and  these  last  also  into  3 
parts,  and  the  circle  will  thus  be  divided  into  37  parts. 

When  you  have  a  protractor  or  sector  at  hand,  all  that  is  necessary  is  to  calculate  how  many  degrees  are  taken  up  by 
the  small  part  of  the  circle  you  cut  off,  and  then  set  such  number  of  degrees  on  the  circumference ;  after  which  proceed 
with  the  division  as  before  directed.  Thus,  as  the  entire  circle  is  360°,  the  37th  part  of  it  must  be  :yf°,  or  9°  44',  or 
9|  degrees;  therefore,  set  that  portion  on  the  circumference,  and  divide  the  remainder  into  36,  by  the  method  already 
shown. 

The  same  method  may  obviously  be  pursued  with  respect  to  straight  lines.  Thus,  if  it  be  required  to  divide  a  line 
1 1  inches  long  into  37  parts,  each  part  must  be  ft  of  an  inch.  Therefore,  set  off  J4  of  an  inch  for  the  first  part,  and 
proceed  to  divide  the  remaining  36  by  the  most  convenient  divisors  of  that  number.  It  is  sometimes  more  advisable  to 
add  to  a  number  than  to  subtract  from  it  in  dividing  a  line;  but  the  method  of  proceeding  in  both  cases  is  essential1  v 
the  same. 

2L 


266 


ELEMENTS  AND  PRACTICE  OF  GEOMETRY. 


fPART  IV 


PROBLEM  XXIII. 

From  a  given  point  A,  in  a  given  straight  line  AB  unlimited  towards  B,  to  find  the  length  of  any  arc 

CdE  of  a  circle. 

Fig.  71. 
Take  any  small  extent  in  the  compasses,  and  repeat  it 

upon  the  arc  CdE  as  often  as  it  can  be  contained,  and 
let  /  be  the  remote  extremity  of  the  last  of  these  parts  j 
which  being  done,  repeat  the  same  extent  from  A  towards 
B  upon  the  straight  line  AB,  as  often  as  it  has  been  con- 
tained upon  the  arc  C/,  and  let  the  extremity  of  the  last  "r — • — L  — > — > — • — i — ' > — ^-^. 

be  at  g.     In  the  straight  line  AB  make  </B  equal  to  the 

remainder  /E  of  the  arc  ;  then  AB  is  very  nearly  equal  in  length  to  the  arc,  being  somewhat 

less. 

It  is  obvious,  that  the  greater  the  number  of  chords  or  parts  contained  in  the  arc,  the  more  exactly 
will  its  length  be  obtained :  but  though  the  result  of  this  operation  is  evidently  defective,  it  is  easier, 
and  more  to  be  depended  upon,  than  any  other  method.  It  will  be  satisfactory  to  show  the  degree 
of  accuracy  obtained  by  this  process. 

The  sum  of  the  sides  of  a  48-sided  polygon  inscribed  in  a  circle,  of  which  the  diameter  is  unity, 
is  3.1393;*  and  this  number  is  obviously  less  than  the  true  circumference.  The  circumference  of 


Fig.  72. 


*  It  is  proved  in  a  Lemma,  page  172,  Simpson's  Geometry,  Coroll.  the  new  Edition,  1821 ,  that,  if  the  diameter  of  a 
circle  is  2,  then  if  the  supplemental  chord  of  any  arc  be  added  to  the  number  2,  the  square  root  of  the  sum  will  be  the  sup- 
plemental chord  of  half  that  arc. 

If  ACD  be  a  semicircle,  and  AC  the  chord,  then  CD  is  the  supplemental 
chord;  and  if  AC  be  equal  to  the  radius,  it  will  be  equal  to  I,  because  AD  is 
equal  to2;  therefore  in  the  right-angled  triangle  ACD  we  have  the  hypothenuse 
AD  =  2,  and  one  of  the  sides  AC  =  1 ;  but  it  is  proved  in  Euclid  47,  book  1, 
that  AD«  =  ACS  -f  CD2;  therefore  CW=  AD2  —  AC^  that  is,  CD2  =  2* 
—  1*  =  4  _  1  =3;  whence  CD  =  i/~3 =  1-7320508075,  which  is  the 
supplemental  chord  of  J  of  the  semi-circumference;  then,  by  the  preceding 
corollary, 


V  2  +  1-7320508075  =  1.9318516525  for  the  supplemental  chord  of 
4/  2  +  1.9318516525  =  1.9828897227  for  the  supplemental  chord  of 


2  +  1.9828897227  =  1.9957178465  for  the  supplemental  chord  of 


2  +  1.9957178465  =  1.9989291749  for  the  supplemental  chord  ofjf 
&c.  &c. 


of  the  semi-circumference. 


Now  subtract  3.9828897227,  which  is  the  square  of  the  supplemental  chord  of  the  24th  part  of  the  semi-circumfer- 
ence, from  4,  the  square  of  the  diameter,  and  there  remains  0.0171102773,  the  square  of  the  chord  itself.  The  square 
root  of  this  last  number  is  0.1308062,  which  is  therefore  the  chord  of  the  48th  part  of  the  whole  circle:  whence 
0.1308062  X  48  =  6.27869,  which  is  the  sum  of  the  sides  of  a  polygon  inscribed  in  a  circle  consisting  of  48  sides,  the 
diameter  being  2:  therefore,  when  the  diameter  is  1,  the  sum  of  all  the  chords  will  be  3.1393  nearly- 
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a  circle  of  which  the  diameter  is  unity  is  very  nearly  3.1416,  which  exceeds  the  sum  of  the  sides  of 
the  48-sided  polygon  by  less  than  -IJQ-Q  part  of  the  whole.  Now  let  us  suppose  the  diameter  of  a 
circle  to  be  one  foot,  and,  as  workmen's  rules  are  generally  divided  into  inches  and  eighth  parts, 
multiply  the  decimal  part  of  each  of  these  numbers  by  12,  and.  point  off  the  decimals,  and  the  re- 
mainder will  be  inches :  the  decimals  of  the  inches  of  each  number  being  multiplied  by  8,  and  tho 
decimals  of  each  new  product  pointed  off,  we  shall  have  the  number  of  eighth  parts ;  thus, 


3.1393 
12 

1.6716 

8 

5.3728 


3.1416 
12 

1.6992 
8 

5.5936 


Therefore  the  sum  of  the  sides  of  a  polygon  of  48  sides,  inscribed  in  a  circle  whose  diameter  is  1 
foot,  is  3  feet,  1  inch  and  f ,  with  a  fraction  of  an  eighth ;  and  the  circumference  of  the  circle  is  3 
feet,  1  inch  and  f ,  with  a  fraction :  the  difference  of  these  fractions,  however,  does  not  amount  to 


To  find  very  nearly  the  length  of  the  arc  of  a  circle  geometrically,  ABC  being  the  given  arc. 

METHOD  1. 


Join  AC,  and  bisect  AC  by  a  perpendicular  BF;  find  the  centre  E,  if  not  given, 
•nd  complete  the  circle  ABCD.  Divide  the  radius  DE  into  four  equal  parts,  and 
«et  three  of  these  parts  from  D  to  F:  through  B  draw  GH  parallel  to  AC;  from  F, 
through  the  points  A  and  C,  draw  FG  and  FH:  then  the  straight  line  GH  will  be 
the  development  or  length  of  the  arc,  very  nearly. 


METHOD  2. 

Produce  the  chord  AC  to  E,  and  bisect  the  arc  ABC  in  B ;  set 
twice  the  chord  AB  of  the  half  arc  from  A  to  D:  divide  CD  into 
three  equal  parts,  and  make  DE  equal  to  one  of  the  parts;  then  AE 
will  be  nearly  equal  to  the  length  of  the  arc  ABC. 


METHOD  3. 

Divide  the  chord  AB  into  four  equal  parts;  set  one  part  on  the  arc 
from  B  to  D:  join  the  remote  extremity  C  of  the  third  part  from  B  to 
the  extremity  D  of  the  arc  BD:  then  CD  will  be  nearly  equal  to  half 
the  length  of  the  arc. 

The  first  and  second  of  these  geometrical  methods  are  much  nearer 
to  the  truth  than  the  third  and  last  method ;  but  neither  of  them  is  so 
correct,  and  convenient  for  practice,  as  that  recommended  in  the  text. 


Fig.  75. 


C  DE 
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5^  of  an  inch  in  the  whole  circumference.  Therefore,  by  only  dividing  the  circumference  of  a  circle 
into  48  equal  parts,  or  each  quadrant  into  12,  we  come  sufficiently  near  the  truth  for  the  purpose  of 
the  workman  ;  and  were  we  to  divide  an  arc  of  a  circle  (not  exceeding  a  quadrant)  of  the  same 
diameter,  into  twenty-four  parts,  and  extend  them  upon  a  straight  line,  we  should  not  lose  one- 
twentieth  part  of  an  eighth  part  of  an  inch.  And  thus  we  see  how  far  the  rule  may  be  depended 
upon.  The  methods  generally  given  for  this  purpose,  in  books  of  Practical  Geometry,  are  not  only 
erroneous,  but  the  same  rule  gives  the  length  of  the  arc  either  in  excess  or  defect,  according  to  the 
proportion  that  subsists  between  the  chord  and  the  versed  sine  of  that  arc. 


APPLICATIONS. 

EXERCISES  TO  PROBLEMS  XIX.  AND  XX. 

[Plate  CZX.] 

Fig.  1.  is  termed  a  lancet  arch.  It  is  composed  of  two  curves,  meeting  in  a  point  at  the  top,  and 
joining  a  straight  line  at  each  side,  in  such  a  manner  that  the  two  straight  lines  are  parallel  to  each 
other,  and  tangents  to  each  curve ;  and  that  every  portion  of  the  two  curves,  terminated  by  equal 
chords  from  their  point  of  meeting,  are  equal  and  similar  arcs. 

Suppose  now  that  it  were  required  to  draw  each  curve  by  means  of  circular  arcs  ;  and  suppose 
the  two  arcs  next  to  the  point  of  meeting  to  be  formed  to  the  fancy  of  the  draughtsman,  how  must 
the  other  part  be  described  ? 

The  problem  to  be  performed  is  this : — 

To  describe  the  circumference  of  a  circle  that  shall  touch  a  straight  line  AB  in  a  given  point  P,  and 
that  shall  also  touch  a  given  arc  FGH. 

To  execute  this  problem,  the  reader  is  required  to  read  Problem  XIX.  page  237,  with  reference 
to  the  figure  now  explained. 

Fig.  2.  is  what  is  commonly  denominated  an  oval.  An  oval,  generally  speaking,  is  an  oblong 
figure  formed  by  a  curve  line  which  returns  to  itself:  from  this  definition  of  an  oval  it  is  evident 
that  there  may  be  an  infinite  variety  of  curves  so  called.  The  oval  which  we  are  about  to  describe, 
is  a  figure  resembling  an  ellipse,  compounded  of  four  circular  segments,  in  such  a  manner,  that  the 
opposite  segments  may  be  equal  portions  of  equal  circles,  and  that  the  radii  of  the  two  arcs,  at  the 
point  where  they  meet,  may  be  in  the  same  straight  line. 

In  order  to  describe  this  kind  of  oval, 

Draw  the  line  PK  equal  in  length  to  the  longest  dimension  of  the  figure,  and  bisect  PK  by  a  per- 
pendicular HL,  cutting  it  in  p  :  make  pH  and  pL  each  equal  to  half  the  breadth  of  the  figure  ;  then 
describe  a  circle  or  the  arc  of  a  circle  FGH,  in  such  a  manner  that  the  centre  may  be  in  the  line 
HL,  or  in  HL  produced,  and  that  the  circumference  may  not  cut  the  line  PK,  but  may  fall  as  much 
without  as  the  draughtsman  may  think  proper  ;  and  draw  AB  perpendicular  to  PK,  by  Problem  V. 
Then,  by  applying  the  rules  of  Problem  XIX.  successively  to  each  end,  we  shall  be  enabled  to  com- 
plete the  figure,  for  we  have  only  To  describe  such  a  portion  of  the  circumference  of  a  circle  that  shall 
touch  a  straight  line  AB  in  a  given  point  P,  and  that  shall  also  touch  a  given  circumference  or  arc  FGH. 
One  end  being  described,  the  other  will  be  found  in  the  same  manner,  and  thus  we  shall  have  three 
of  the  fisrure. 
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Let  these  three  arcs  thus  found  be  jHo,  the  first  part  described,  and  qPm,  oK»i,  the  two  parts 
jiow  drawn  ;  these  three  arcs  are  terminated  by  drawing  lines  through  every  two  of  their  centres  so 
as  to  meet  the  arcs :  the  remaining  segment  mLn  being  similar  to  the  opposite  one,  gHo,  must  bo 
described  with  the  same  radius,  so  as  to  have  its  centre  i  in  the  straight  line  LH,  and  that  its  curve 
mav  pass  through  the  point  L. 

Having  now  shown  some  applications  of  Problem  XIX.,  we  shall  point  out  some  uses  of  Problem 
XX.,  which  applies  to  all  the  remaining  figures  in  the  plate. 

Fig.  3  is  another  lancet  arch,  supposed  to  have  the  same  properties  as  that  already  defined;  but 
here  the  angle  GPI  at  the  vertex  is  given  ;  it  must,  however,  always  be  greater  than  the  angle 
formed  by  the  lines  extending  from  each  extremity  of  the  chord  RII  to  the  summit  P. 

To  prepare  the  figure  for  the  application  of  the  above  Problems,  draw  PC  perpendicular  to  PG, 
by  Problem  V.,  and  let  R  be  the  point  which  divides  the  arch  from  the  straight  line  on  one  side,  or 
what  is  denominated  one  of  tUe  springing  points  of  the  arch,  and  let  RH  meet  the  tangent  RE  in  R  : 
then,  to  describe  the  half  of  the  arch  PqR,  we  have  only,  by  Problem  XX.,  To  describe  two  arcs  ichich 
shall  meet  each  other  in  the  line  of  their  centres,  and  that  shall  touch  two  straight  lines  DP,  ER,  at  a 
given  point  in  each  line,  and  that  the  arc  belonging  to  the  lesser  circle  shall  have  a  given  radius. 

The  other  half  is  described  in  the  same  manner ;  or  through  c,  the  centre  of  the  arc  Pq,  draw  eg 
parallel  to  RH  the  base  of  the  arch.  From  the  summit  P,  draw  Pk  parallel  to  R&  or  III,  meeting 
gc  in  fc.  Make  kg  equal  to  kc,  and  make  Hn  equal  to  R&,  and  draw  gnm :  then  g  is  the  centre  for 
the  arc  Pm,  and  n  the  centre  for  the  arc  mH. 

Fig.  4  is  another  oval,  having  the  same  properties  as  that  which  stands  above  it. 

To  prepare  this  figure  :  Draw  the  straight  line  RH,  equal  to  the  length  of  the  oval.  By  Problem 
IX.,  bisect  RH  by  the  perpendicular  PK  :  then  set  off  half  the  breadth  on  each  side  of  the  centre, 
and  the  remote  extremities  P  and  K  are  the  extremities  of  the  breadth.  In  order  that  our  oval  may 
be  a  tolerably  good  representation  of  the  mathematical  curve  called  an  ellipse,  divide  the  difference 
between  half  the  length  arid  half  the  breadth  into  two  equal  parts,  and  set  three  from  the  centre 
upon  the  line  RH  on  each  side  of  it  to  6  and  i  ;  then,  by  Problem  XX.,  Describe  two  arcs  that  shall 
meet  each  other  in  the  line  of  their  centres,  and  that  shall  touch  a  straight  line  DP  in  P,  and  ER  in  R, 
and  that  the  arc  belonging  to  the  lesser  circle  shall  have  a  given  radius. 

Having  finished  one  end,  the  other  will  be  described  in  the  same  manner,  and  the  remaining  side 
by  the  same  radius  as  the  first  side  opposite. 

Fig.  5  is  a  semi-oval,  drawn  in  the  same  manner  as  the  figure  above  it. 

The  curves  of  the  three  figures  at  the  bottom  of  the  plate  are  each  composed  of  two  circular  arcs. 
Fig.  6  is  an  imitation  of  the  section  of  a  Grecian  ovolo  ;  Fig.  7  and  8  are  in  imitation  of  the  sec- 
tion of  a  scotia.  In  both  these  first  figures  the  lower  edge  of  the  fillet  is  a  tangent  to  the  upper 
part  of  the  curve  ;  and  in  Fig.  8,  the  upper  edge  of  the  fillet  is  a  tangent  to  the  curve  at  its  lower 
extremity. 

Suppose  now  that  the  arc  Rq  is  described  to  fancy  ;  then,  if  it  touch  the  lower  edge  RE  of  the 
fillet  at  R,  and  if  R6  be  perpendicular  to  RE,  the  centre  of  the  circle  which  will  touch  the  line  RE 
at  R  will  be  in  the  line  Rb ;  therefore,  from  a  centre  in  the  line  R6,  with  any  radius  which  the 
operator  may  think  proper,  describe  the  arc.  Draw  PC  perpendicular  to  DP.  In  PC  cut  off  Pa 
equal  to  the  radius  of  the  lesser  circle,  and  join  a  b.  Bisect  a  b  by  a  perpendicular  fc.  Draw  cq 
through  the  point  of  intersection  c  and  the  centre  b.  From  c  with  the  radius  cq  describe  the  arc 
qP,  and  this  will  complete  the  scotias:  but  without  describing  any  figure  particularly,  as  the  lines 
DP  and  ER  are  supposed  to  be  given,  and  the  points  of  contact  R  and  P,  therefore  in  all  the  figures 
of  this  plate,  except  the  two  uppermost,  we  have  only  to  execute  Problem  XX.,  which  is, 
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To  describe  two  arcs  tliat  shall  meet  each  other  in  the  line  of  their  centres,  and  that  shall  touch  tico 
straight  lines  DP  and  ER  at  a  given  point  in  each  line,  and  that  the  arc  belonging  to  the  lesser  circle 
shall  have  a  given  radius. 

PROBLEM  XXIV. 
To  divide  an  angle  into  any  number  of  equal  angles. 

This  problem,  like  that  of  the  division  of  the  circle,  cannot  be  generally  effected  except  by  con- 
tinual bisections;  in  this  case  we  may  divide  an  angle  geometrically  into  two,  four,  eight,  sixteen, 
&<•.  equal  parts,  by  first  describing  an  arc,  and,  if  we  wish  to  divide  the  angle  into  two  equal  parts, 
wo  must  bisect  that  arc ;  if  it  were  required  to  divide  the  angle  into  four  equal  parts,  we  must  bisect 
each  half  arc ;  if  it  were  required  to  divide  the  angle  into  eight  equal  parts,  we  must  bisect  each 
quarter  of  the  arc,  and  so  on  to  the  proposed  number  of  parts  required. 


Fig.  76. 


Fig. 


EXAMPLES. 
Ex.  1.     Bisect  the  given  angle  ABC. 

From  the  angular  point  B  describe  an  arc  c  d  cutting  AB  at 
c,  and  BC  at  d,  and  bisect  the  arc  c  d  by  the  straight  line  B/: 
then  will  the  angle  ABC  be  divided  into  two  equal  angles  AB/ 
aud  /BC. 


Ex.  2.      Quadriscct  or  divide  the  angle  ABC  into  four  equal  angles. 

From  B,  the  point  of  the  angle,  as  a  centre,  describe  the  arc 
d  e,  cutting  AB  at  d,  and  CB  at  e ;  and  bisect  the  arc  d  e  by  the 
line  B/,  cutting  the  arc  d  e  in  g  :  bisect  the  arcs  d  g  and  g  e  by 
the  lines  Eh  and  Bi,  then  will  the  angle  ABC  be  divided  into  the 
four  equal  angles  ABA,  AB/,  /Bi,  and  tBC. 


Ex.  3.     Divide  the  angle  ABC  into  eight  equal  parts. 

From  the  angular  point  B  describe  the  arc  d  e,  cutting  BA  at 
d,  and  BC  at  e,  and  bisect  the  angle  ABC  by  the  straight  line  B/ 
cutting  the  arc  d  e  in  g  :  bisect  the  arcs  d  g  and  g  e  by  the  straight 
lines  BA  and  Bi,  cutting  the  arc  d  e  in  the  points  k  and  I :  bisect 
the  arcs  d  k,  k  g,  g  I,  and  I  e,  by  the  straight  lines  Em,  En,  Bo, 
Ep,  and  the  angle  ABC  will  be  divided  into  the  eight  equal  angles 
ABm,  mBA,  ABn,  nB/,/Bo,  oBt,  iEp,  andpBC,  as  required  to  be 
done. 

SCHOLIUM. 

And  thus  we  may  proceed  to  double  the  last  number  of  equal  angles  to  any  given  number  of 
angles  in  the  geometrical  progression,  2,  4,  8,  16,  32,  64,  &c. 
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Though  an  angle  cannot  be  geometrically  divided  into  any  number  of  equal  parts,  the  problem  is 
not  impossible,  as  it  may  be  done  by  the  resolution  of  algebraic  equations  of  the  third,  fourth,  fifth, 
&c.  degree.  Analytical  principles  are,  however,  too  difficult  to  be  acquired  by  the  generality  of 
readers,  who  must  content  themselves  with  the  method  of  approximation,  as  in  the  case  of  dividing 
a  circle  into  equal  parts.  The  practice  of  the  operator  will  enable  him  to  ascertain,  by  a  few  trials, 
the  portion  of  the  arc  that  will  divide  the  whole  into  the  required  number  of  parts ;  and,  conse- 
quently, to  divide  the  angle  into  the  same  number  of  equal  parts,  by  drawing  straight  lines  from  the 
angular  point  through  every  point  of  division.  The  trisection  of  a  right  angle  is  of  considerable  use, 
and,  as  it  can  be  geometrically  constructed,  we  shall  show  how  it  is  to  be  done  in  the  following  pro- 
position. 


PROBLEM  XXV. 
To  trisect  or  divide  a  right  angle  ABC  into  three  equal  parts. 


From  the  angular  point  B  describe  the  arc  d  e,  cutting  BA  at  d,  and 
BC  at  e.  From  d,  with  the  radius  of  the  arc,  describe  another  arc,  cut- 
ting the  arc  d  e  at  /,  and  from  e,  with  the  same  radius,  describe  another 
arc  cutting  the  arc  d  e  in  g :  join  B/  and  Eg,  and  the  angle  ABC  is 
divided  into  the  three  equal  angles  AEg,  gEf,  /BC. 

N 


K 


r— A 


PROBLEM  XXVI. 
To  inscribe  a  polygon  of  any  given  number  of  sides  in  a  given  circle,  and  from  any  point  in  that  circle. 

Divide  the  circumference  of  the  circle  into  as  many  equal  parts  as  the  polygon  is  to  contain  sides, 
beginning  at  the  given  point :  join  any  point  thus  found  to  the  next  point  of  division,  and  proceed 
progressively,  always  joining  the  next  point  to  the  end  of  the  chord  last  drawn,  until  one  chord  only 
remains  to  be  drawn ;  then  draw  that  chord  from  the  extremity  of  the  chord  last  drawn  to  that  of 
the  chord  first  drawn,  and  the  polygon  will  be  formed. 


Fig.  80.  No.  1. 


Examples  in  a  hexagon,  octagon,  and  decagon. 


Fig.  80,  No.  2. 


Fig.  80,  No.  3. 
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Examples  in  a  pentagon,  heptagon,  and  enneagon. 
Fig.  81,  No.  1.  Fig.  81,  No.  2.  Fig.  81,  No.  3. 


PROBLEM  XXVII. 
Upon  a  given  straight  line  A  B  to  describe  an  equilateral  triangle. 

From  the  centre  A,  with  the  radius  AB,  describe  an  arc ;  from  the 
centre  B,  with  the  same  radius,  describe  another  arc  cutting  the  for- 
mer; from  the  point  C,  where  the  two  arcs  meet,  draw  the  straight 
lines  CA  and  CB,  and  ABC  is  the  equilateral  triangle  required. 

This  is  the  first  proposition  in  Euclid's  Elements. 


PROBLEM  XXVIII. 
Upon  a  given  straight  line  AB  to  describe  a  square. 

Draw  the  straight  line  BC  perpendicular  to  AB;  make  BC  equal  to 
AB:  from  A,  with  the  radius  AB  or  BC,  describe  an  arc;  and  from  C, 
with  the  same  radius,  describe  another  arc,  cutting  the  former  in  the 
point  D:  join  AD  and  DC  ;  then  ABCD  is  the  square  required. 

This  is  the  forty-sixth  proposition  of  the  first  book  of  Euclid's  Elements. 
After  having  drawn  the  right  angle  ABC,  Euclid  directs  that  the  straight 
line  CD  be  drawn  parallel  to  AB,  aud  AD  parallel  to  BC. 


PROBLEM  XXIX. 
Upon  a  given  straight  line  AB  to  describe  a  polygon  of  any  given  number  of  sides. 

Produce  the  straight  line  AB  to  K,  and  on  AK,  with  the  radius  AB,  describe  the  semicircle 
ACK.  Divide  the  arc  ACK  into  as  many  equal  parts  as  the  number  of  sides  in  the  proposed  poly- 
gon :  join  the  second  point  of  division  C  to  the  centre  B ;  bisect  each  of  the  sides  AB  and  BC  by 
perpendiculars  meeting  each  other  in  I ;  from  the  centre  I,  with  the  radius  I  A,  IB,  or  1C,  describe 
a  circle,  which  being  thus  made  to  pass  through  any  one  of  the  three  points  A,  B,  C,  will  necessarily 
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pass  through  all  the  others ;  therefore  we  may  begin  at  C  or  A,  and  apply  the  chords  each  equal  to 
AB  or  BC  to  the  remaining  part  of  the  circumference.* 

The  following  are  examples  in  a  pentagon,  hexagon,  and  heptagon. 


Fig.  84,  No.  1. 


Fig.  84,  No.  2. 

K.. -- --...-n 


Fig.  85. 


*  There  is  another  method  of  executing  this  problem  j  and  though  the  principle  is  not  correct,  it  may  not  be  amiss  to 
show  the  process  and  construction,  as  the  beauty  of  the  scheme  has  so  frequently  attracted  the  notice  of  the  student. 

Let  AB  be  the  given  side. 

Upon  the  centre  A,  with  the  radius  AB,  describe  an  arc  BK,  and 
from  B,  with  the  same  radius,  describe  an  arc  AK :  through  K  draw 
PQ  perpendicular  to  AB:  divide  either  of  the  arcs,  as  BK,  into  six 
equal  parts.  Then  if  it  were  required  to  describe  a  circle  that  should 
contain  AB  six  times,  there  is  nothing  more  required  than  to  describe 
a  circle  from  K  with  the  radius  KA  or  KB;  in  this  case,  the  rule  is 
exact. 

But,  if  a  greater  or  less  number  of  parts  were  required,  we  must 
describe  an  arc  from  K  with  a  radius  equal  to  the  chord  of  as  many 
parts  of  the  arc  BK  as  the  number  required  exceeds  six,  or  equal  to 
the  chord  of  as  many  parts  of  the  arc  BK,  as  six  exceeds  the  number 
of  sides  required,  and  cross  the  line  PQ  above  or  below  K  accordingly ; 
then  from  the  point  thus  found  in  PQ  as  a  centre,  with  a  radius 
extending  to  either  of  the  points  A  or  B,  describe  a  circle,  and  it  will 
contain  the  side  AB  as  required. 

2lt 


274 


ELEMENTS  AND  PRACTICE  OF  GEOMETRY. 


[PART  IV. 


PROBLEM  XXX. 


To  describe  a  triangle  of  which  the  three  sides  shall  be  each  respectively  equal  to  each  of  three  given  lines, 
which  lines  must  be  such  that  any  two  of  them  taken  together  are  greater  than  the  third. 


Let  A,  B,  C,  be  the  three  given  straight  lines. 

Draw  the  straight  line  DE,  and  make  it  equal  in  length 
to  A:  with  the  radius  B,  from  the  centre  D,  describe  an 
arc,  and  with  the  radius  C  from  the  centre  E  describe 
another  arc,  cutting  the  former  arc  at  F:  join  DF  and  FE, 
and  DBF  is  the  triangle  required. 


Fig.  86. 


PROBLEM  XXXI. 

To  describe  a  polygon  equal  and  similar  to  a  given  polygon  upon  a  given  straight  line,  equal  and 
corresponding  to  one  of  the  sides  of  the  given  polygon. 


Divide  the  given  polygon  into  as  many  triangles,  wanting  two, 
as  the  given  figure  has  sides,  so  that  no  space  may  remain  but 
what  is  entirely  resolved  into  triangles.  Upon  the  given  side 
describe  a  triangle  equal  and  similar  to  the  triangle  upon  the 
corresponding  side  of  the  given  polygon ;  then  describe  the  re- 
maining triangles  to  succeed  each  other  in  the  same  manner  as 
in  the  given  figure,  and  the  figure  thus  drawn  will  be  equal  and 
similar  to  the  one  proposed. 

In  the  example  here  given,  ABODE  is  the  given  polygon, 
and  FG  the  side  of  the  required  polygon,  corresponding  to  AB 
of  the  given  polygon.  Here  the  given  polygon  is  resolved  into 
the  triangles  ABC,  ACD,  and  ADE ;  then,  in  the  polygon  to  be 
constructed,  the  triangle  FGH  is  described  by  Problem  XXX. 
equal  and  similar  to  the  triangle  ABC  ;  the  triangle  FHI,  equal 
and  similar  to  the  triangle  ACD;  the  triangle  FIK,  equal  and 
similar  to  the  triangle  ADE  ;  and  thus  the  whole  figure  FGHIK 
is  described  equal  and  similar  to  the  given  figure  ABCDE.* 


Fig.  87,  No.  1. 
J) 


Fig.  87,  No.  2. 
I 


*  It  is  by  the  application  of  this  problem  that  we  are  enabled  to  make  a  plan  of  any  proposed  place,  or  to  take  tlu 
dimensions  for  executing  any  piece  of  work.  Suppose,  for  instance,  that  it  were  required  to  make  the  plan  of  a  quad, 
rangular  room:  a  rough  drawing  must  first  be  made  of  the  four  sides;  then  each  side  of  the  room  must  be  measured, 
and  the  dimension  placed  upon  each  corresponding  side  of  the  draught:  but  these  four  sides  will  not  be  sufficient,  as  the 
angles  of  the  figure  may  vary;  we  must  therefore  take  one  of  the  diagonals  also,  and  this  will  resolve  the  figure  into 
two  triangles,  which  form.a  compound  figure  comprehended  by  the  rule  of  this  problem. 
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PROBLEM  XXXII. 


To  describe  a  triangle  similar  to  a  given  triangle  upon  a  given  straight  line,  corresponding  to  one  of  the 

sides  of  the  given  triangle. 


Make  an  angle  at  each  extremity  of  the  given  straight  line  equal  fls- 

to  the  angle  at  each  extremity  of  the  corresponding  line  (Prob.  VI.) 
of  the  given-  triangle,  and  on  the  same  side  of  the  given  line  with  the 
corresponding  angles  of  the  given  triangle  :  produce  the  leg  of  eacli 
angle  which  is  not  the  given  side  till  both  meet,  and  the  triangle 
tli  us  formed  will  be  similar  to  the  given  triangle. 

Thus,  let  ABC  be  the  given  triangle,  and  DE  the  given  straight 
line. 

At  the  point  D,  make  the  angle  EDF  equal  to  the  angle  BAC, 
and  at  the  point  E,  make  an  angle  DEF  equal  to  the  angle  ABC ; 
then,  if  the  two  legs  of  the  angles  meet  in  F,  the  thing  required  is 
done ;  but  if  not,  produce  these  two  legs  till  they  meet  in  F,  and 
the  triangle  DEF  will  be  the  triangle  required. 

If  the  two  first  corresponding  sides  are  parallel,  every  other  pair 

of  corresponding  sides  will  also  be  parallel ;  and  consequently  in  this  case  the  required  triangle 
be  constructed  by  drawing  parallel  lines. 


PROBLEM  XXXIII. 

1  o  construct  a  rectilineal  figure  similar  to  a  given  rectilineal  figure  upon  a  given  side,  corresponding  to 

a  side  of  the  given  figure. 

Describe  a  triangle  upon  the  given  side  similar  to  that  upon  the  corresponding  side  of  the  given 
figure :  then  describe  the  next  triangle  similar  to  that  in  the  given  figure,  and  so  on,  one  triangle 
after  another,  upon  its  succeeding  corresponding  line,  until  all  the  triangles  are  described  ;  then  the 
figure  "thus  formed  will  be  similar  to  the  figure  proposed. 


EXAMPLE. 


in  the  two  figures  here  exhibited,  ABCDEF 
is  that  which  is  given  ;  a  b  c  d  e  f  is  the  figure 
required  to  be  constructed ;  and  a  b  is  a  side 
corresponding  to  the  side  AB.  First,  the  tri- 
angle a  b  c  is  described  similar  to  the  triangle 
ABC;  the  triangle  a  c  d  is  described  next 
similar  to  the  triangle  ACD,  and  so  on. 


Fig  89,  No    1. 
K 


Fig.  89,  No.  2. 
C' 
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PROBLEM  XXXIV. 
Upon  a  given  straight  line  AC  to  describe  the  segment  of  a  circle  that  shall  contain  a  given  angle  H. 


Bisect  AC  by  a  perpendicular  EF,  and  draw  AG,  making  the  angle 
CAG  equal  to  H:  draw  AB  perpendicular  to  AG.  From  the  centre 
E,  and  distance  EA,  describe  the  arc  ABC:  then,  if  any  point  B  be 
taken  in  the  arc,  and  the  lines  B  A  and  BC  be  joined,  the  angle  ABC 
will  be  equal  to  the  given  angle  H. 

For  the  angle  contained  by  a  chord  and  a  tangent  at  the  extremity 
of  that  chord  is  equal  to  the  angle  in  the  alternate  segment.  (Euclid, 
book  iii.  prop.  32.) 


Fig.  90,  No.  J. 


PROBLEM  XXXV. 


In  a  given  circle  DGFE  to  inscribe  a  triangle  similar  to  a  given  triangle  ABC. 


From  any  point  D  in  the  circumference  draw 
any  chord  DE,  and  draw  the  chord  DF,  making 
the  angle  EDF  equal  to  the  angle  ABC.  Join 
EF ;  then,  if  the  angle  FED  be  equal  to  the  angle 
CAB,  the  thing  is  done;  but  if  not,  draw  the 
chord  EG,  making  the  angle  FEG  equal  to  the 
angle  CAB,  and  join  GF ;  then  EGF  is  the 
triangle  required. 


Fig.  92,  No.  2. 
D 


SCHOLIUM. 


Though  the  problem  of  describing  the  segment  of  a  circle  is  comprehended  in  that  of  making  the 
circumference  pass  through  three  given  points  (Prob.  XVI.) ;  yet,  as  it  is  more  convenient  in  prac- 
tice to  take  the  chord  and  versed  sine  of  the  arc,  than  to  find  the  position  of  three  points,  we  shall 
here  show  how  this  is  to  be  done. 
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PROBLEM  XXXVI. 
The  chord  AC  and  versed  sine  of  the  segment  of  a  circle  being  given  in  magnitude,  to  describe  the  arc. 


METHOI>  1. 

Bisect  AC  in  E  by  a  perpendicular  BD;  make  EB  equal  to 
the  versed  sine,  and  join  AB.  Make  the  angle  BAD  equal 
to  the  angle  ABD.  From  the  centre  D,  with  the  distance  of 
any  one  of  the  two  lines  DA,  DB,  describe  the  arc  ABC,  which 
will  necessarily  pass  through  the  third  point  C,  and  therefore 
must  pass  through  all  the  three  points. 


Fig.  92. 


METHOD  2. 

Bisect  AC  in  E  by  a  perpendicular  BD,  and  join  AB  as  before. 
Bisect  AB  by  a  perpendicular,  meeting  BD  in  D:  then  with  the 
radius  equal  to  any  one  of  the  three  distances  DA,  DB,  DC,  de- 
scribe an  arc  ABC,  which  will  necessarily  pass  through  all  the 
three  points. 


I) 


PROBLEM  XXXVII. 

To  find  the  point  of  prolongation  of  one  extremity  C  of  the  arc  ABC  of  a  circle,  so  as  to  meet  a  given 
straight  line  AE  passing  through  the  other  extremity  A,  without  making  use  of  the  centre. 


From  A  draw  any  chord  AB ;  and  draw  the  line  Ad  to  cut  the 
arc  in  d,  so  that  the  angle  BAd  may  be  equal  to  the  angle  BAE. 
From  the  centre  B,  with  the  distance  Bd,  describe  an  arc  cutting 
AE  at  E,  and  E  will  be  the  point  required. 


SCHOLIUM. 

By  these  means,  an  arc,  which  is  too  small  a  portion  of  the  circumference  to  answer  the  intended 
purpose,  may  be  prolonged  when  the  centre  is  inaccessible,  or  when  it  is  so  remote  that  it  would  be 
inconvenient  to  use  it.  This  is  a  case  that  frequently  occurs  in  practice. 
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CHAP.   II.  — OF    RATIO    AND    PROPORTION. 

DEFINITIONS. 

1.  A  ratio  is  the  relation  between  two  things,  such  as  lines  or  magnitudes  of  any  description  or 
quantity,  found  by  considering  how  often  the  one  is  contained  in  the  other,  or  how  many  equal  parts 
the  one  may  be  of  the  other. 

2.  The  first  quantity  which  contains  the  other  is  called  the  antecedent  ort  leading  quantity ;  and 
that  which  is  contained  is  called  the  consequent  or  following  quantity. 

3.  An  analogy  or  proportion  is  the  equality  of  two  ratios,  or  the  comparison  of  four  quantities,  of 
which  the  first  must  contain  the  second,  or  the  like  parts  of  it,  as  often  as  the  third  contains  tl.o 
fourth,  or  the  like  parts  of  it. 

Thus,  four  lines  A,  B,  C,  D,  are  proportional,  when  if  A  and  C                               Fig.  95. 
be  divided  into  the  same  number  of  equal  parts,  B  contains  as             •"• — 
many  parts  of  the  scale  A,  as  D  contains  of  the  scale  C.  B . 


D 

4.  When  four  lines  are  proportional,  the  lines  themselves  are  called  proportionals. 

5.  Each  of  the  four  proportionals  is  called  a  term. 

G.  Of  four  proportionals,  the  first  and  last  terms  are  called  the  extremes,  and  the  two  terms  between 
are  called  the  means. 

I.  When  the  two  middle  terms  happen  to  bo  equal,  the  four  terms  having  thus  the  two  middle 
ones  equal,  are  called  three  proportionals. 

8.  A  fourth  proportional  to  three  given  lines,  is  a  lino  of  such  length  that  it  may  contain  the  like 
parts  of  the  third  which  the  second  does  of  the  first. 

9.  A  third  proportional  to  two  given  lines,  is  a  line  of  such  length  that  it  may  contain  the  like 
parts  of  the  second  which  the  second  contains  of  the  first. 

This  is,  in  fact,  a  fourth  proportional  to  three  lines,  when  the  second  and  third  lines  are  equal. 

10.  When  four  lines  are  proportionals,  the  first  is  said  to  be  to  the  second  as  the  third  is  to  the 
fourth. 

II.  When  three  lines  are  proportionals,  the  first  is  said  to  be  to  the  second  as  the  second  is  to  the 
third. 

12.  A  mean  proportional  is  one  of  the  equal  means  in  three  proportional  lines ;  that  is,  it  is  a  line 
of  such  length,  that  the  first  line  is  to  the  mean,  as  the  mean  is  to  the  third  line. 

A  knowledge  of  the  proportionality  of  lines  is  of  the  greatest  use  not  only  to  practical  mechanics, 
but  to  architects  and  to  builders'  clerks :  for  it  is  upon  this  principle  that  all  scales  are  made,  and 
objects  enlarged  or  diminished,  and  that  drawings  and  models  are  made  to  represent  buildings 

PROBLEM  XXXVIII. 
Given  three  straight  lines  to  find  a  fourth  proportional. 

Observe  first,  that  all  lines  applied  to  the  legs  of  an  angle  are  applied  from  the  point  of  concourse, 
and  the  points  .set  off  on  the  legs  are  called  points  of  extension  ;  this  being  understood,  we  may 
proceed. 
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Draw  two  straight  lines  at  any  angle,  calling  one  of  the  lines  the  first  leg,  and  the  other  the 
second  leg.  Apply  the_  first  and  second  of  the  lines  upon  the  first  leg,  and  the  third  line  upon  the 
second  leg :  join  the  points  of  extension  of  the  first  and  third  lines ;  and  through  the  point  of  exten- 
sion of  the  second  line,  draw  a  line  parallel  to  the  line  which  connects  the  two  legs,  of  sufficient 
length  to  reach  the  other  leg ;  then  the  distance  between  the  point  of  intersection  now  made  and  the 
point  of  concourse  of  the  angle  is  the  fourth  proportional  required. 


EXAMPLES. 
Ex.  1.      Given  the  three  straight  lines  A,  B,  C,  to  find  a  fourth  proporti,  nal. 


Draw  any  angle  FDH;  apply  the  straight  line  A  from  D  to  F,  and 
the  straight  line  B  from  D  to  E :  apply  C  from  D  to  G ;  join  FG,  and 
draw  EH  parallel  to  FG,  cutting  DG  in  H ;  then  DH  is  the  fourth 
proportional  required. 


Ex.  2.     Given  the  three  straight  lines  A,  B,  C,  to  find  a  fourth  proportional. 


Having,  as  before,  made  the  angle  EDII,  apply  the  straight  line 
A  from  D  to  F,  and  the  straight  line  B  from  D  to  E,  and  the 
straight  line  C  from  D  to  G  :  join  FG,  the  points  of  extension  of 
the  first  and  third  terms,  and  through  E  draw  EH  parallel  to  FG, 
cutting  DG  produced  in  H:  then  DH  is  the  fourth  proportional. 


PEOBLEM  XXXIX. 
To  find  a  third  proportional  to  two  given  lines. 

Having  drawn  an  angle  as  in  the  case  of  four  proportionals,  apply  the  first  and  second  of  the  two 
given  lines  upon  the  first  leg,  and  the  second  line  also  on  the  second  leg:  join  the  point  of  extension 
of  the  first  line  to  that  of  the  second  on  the  second  leg ;  and  through  the  point  of  extension  of  the 
second  line  on  the  first  leg,  draw  a  line  parallel  to  the  line  extending  between  the  two  legs  so  as  to 
cut  the  second  leg ;  and  the  distance  of  the  intersection  from  the  point  of  concourse  of  the  angle  is 
the  third  proportional  required. 
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EXAMPLE. 
Find  a  third  proportional  to  the  lines  A  and  B. 

Having,  as  before,  drawn  the  angle  DCG ;  apply  the  two  given 
lines  A  and  B  respectively  from  C  to  D  and  E  upon  the  first  leg, 
and  the  line  B  upon  the  second  leg  from  C  to  G :  join  DG,  and 
through  E  draw  EF  parallel  to  DG,  cutting  CG  in  F,  and  CF  is 
the  third  proportional. 


Fig.  98. 


A    j; 


SCHOLIUM  1. 

The  method  of  finding  a  third  proportional,  as  has  been  observed,  can  hardly  be  called  a  distinct 
problem  from  that  of  finding  a  fourth  proportional ;  the  former  being  only  a  particular  case  of  the 
latter,  when  the  two  middle  terms  happen  to  be  equal ;  but  from  the  frequent  occurrence  of  three 
proportionals  in  practice,  it  is  here  given  under  a  distinct  head,  as  it  is  done  in  most  mathematical 
works. 

Proportion  is  not  only  useful  in  finding  a  third  and  fourth  term,  but  also  in  dividing  a  line,  so 
that  the  ratio  of  every  two  parts  may  be  equal  to  the  ratio  of  every  two  correspondent  parts  of  a 
given  line ;  or,  in  other  words,  the  dividing  of  a  line  into  as  many  parts  as  another  line,  and  in  the 
same  proportion  as  the  corresponding  parts  of  that  other  line  ;  which  is  shortly  and  generally  termed 
"  dividing  a  line  in  the  same  proportion  as  another." 

PROBLEM  XL. 
To  find  a  mean  proportional  between  two  given  straight  lines. 

Place  the  two  straight  lines  in  one  straight  line,  and  mark  the  point  of  division.  On  the  line 
compounded  of  the  two  lines,  as  a  diameter,  describe  a  semicircle ;  from  the  point  of  division  draw 
a  perpendicular  to  the  straight  line  to  meet  the  arc,  and  the  perpendicular  will  be  the  mean  pro- 
portional required. 

EXAMPLE. 
Find  a  mean  proportional  between  the  two  straight  lines  A  and  B. 


Draw  the  straight  line  CE,  on  which  set  CD  equal  to  A,  and  DE 
equal  to  B.  On  CE,  as  a  diameter,  describe  the  semicircle  CFE,  and 
from  the  point  D,  where  the  two  lines  A  and  B  join,  draw  DF  perpen- 
dicular to  CE,  meeting  the  arc  of  the  semicircle  in  F :  then  DF  is  the 
mean  proportional  required. 


Fig.  99. 
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PROBLEM  XLI. 

To  divide  a  straight   line  into  as  many  parts  as  anothsr  given  line,  so  that  every  pair  of  corresponding 
parti,  one  of  them  being  taken  from  each  line,  shall  have  an  equal  ratio  to  any  other  such  pair. 

METHOD  1. 

Draw  two  straight  lines  forming  an  angle  as  formerly ;  place  the  given  divided  line  upon  the  first 
leg,  and  mark  the  points  of  division,  and  place  the  undivided  line  on  the  second  leg:  join  the  ex- 
tremities of  the  two  lines,  and  through  all  the  points  of  division  in  the  first  leg  draw  lines  parallel  to 
the  connecting  line,  to  cut  the  undivided  leg  :  the  leg  now  divided  will  have  all  its  parts  in  the  same 
proportion  as  the  given  divided  line. 

EXAMPLE  TO  METHOD  1. 


Divide  the  line  B  in  the  same  proportional  parts  as  the  line  A. 


Draw  any  angle  HCN,  and  place  the  given  divided  line  A  upon  the  leg 
CH  with  its  divisions,  and  place  the  other  undivided  line  B  upon  the 
leg  CN  ;  join  HN,  and  through  the  points  d,  e,  f,  g,  of  division,  draw 
the  lines  d  i,  e  k,  f  1,  g  m,  parallel  to  HN :  the  line  CN,  equal  to  the  un- 
divided line  B,  will  be  divided  in  the  same  proportion  as  the  divided 
line  A. 


100. 


A 


Ji 


METHOD  2. 

Place  the  two  given  lines  parallel  to  each  other  ;  join  each  pair  of  their  extremities,  and  prolong 
the  lines  thus  joining  them,  till  they  meet  :  from  the  point  of  intersection  draw  lines  through  all  the 
points  of  division  of  the  divided  line,  and  prolong  them,  if  necessary,  to  meet  the  undivided  line,  and 
the  undivided  line  will  thus  be  divided  into  parts  which  shall  have  the  same  proportion  to  each  other 
as  the  parts  of  the  divided  line. 

EXAMPLE. 
Divide  a  line  equal  to  B  in  the  same  proportion  as  another  A. 


Draw  DE  equal  to  A,  and  FG  parallel  to  DE  equal  to  B. 
Mark  the  points  i,  k,  corresponding  to  the  divisions  of  A  : 
join  DF  and  EG,  and  produce  the  lines  DF  and  EG  till  they 
meet  in  H.  Draw  the  lines  Hi,  Hk,  cutting  FG  in  1,  m  ; 
then  FG,  which  is  equal  to  B,  is  divided  in  the  same  pro- 
portion as  the  line  DE,  equal  to  A.  —  See  Note*  in  next  page. 


F'g- 
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METHOD  3. 

When  the  same  proportion  is  frequently  required  in  practice,  the  following  method,  which  is  founded 
on  the  same  principle,  will  perhaps  be  the  most  eligible. 

Describe  an  equilateral  triangle  LAE,  of  which  the  side  is  equal 
to  the  greatest  of  any  lines  that  it  may  be  required  to  divide ;  then  sup- 
pose the  side  AE  to  be  divided  in  the  proportion  required,  and  the 
dividing  lines  bL,  cL,  dL,  drawn :  let  it  be  required  to  divide  the  line 
M  in  the  same  proportion  as  the  line  AE.  On  the  two  other  sides, 
LA  and  LE,  mark  off  LF  and  LK,  each  equal  to  the  line  M,  and 
join  FK ;  then  FK  will  be  divided  in  the  same  proportion  as  AE.* 


A 


METHOD  4. 


M 


Draw  the  parallels  DE,  FG,  respectively  equal  to  the  lines 
A  and  B,  and  mark  the  divisions  of  the  line  A  on  DE  : 
join  DG  and  EF,  cutting  each  other  in  H  ;  from  the  points 
f,  k,  1,  draw  lines  through  H  to  meet  the  line  FG  in  o,  n, 
m ;  then  will  the  line  GF,  equal  to  B,  be  divided  in  the 
same  proportion  as  the  line  DE  equal  to  A. 


Fig.  103. 
.111       n 
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METHOD  5.  BY  PARALLEL  LINES. 
When  the  undivided  line  is  greater  than  the  divided  line. 

Upon  any  convenient  surface  place  the  divided  line,  and  through  its  extremities  and  its  points  of 
division  draw  parallel  lines  :  from  any  point  in  one  of  the  extreme  lines,  with  the  radius  of  the  undi- 
vided line,  describe  an  arc  cutting  the  other  extreme  line  ;  then  a  line  drawn  from  the  centre  to  the 
point  of  intersection  will  be  divided  into  the  proportion  required. 


*  Demonstration  of  the  second  and  third  methods. 

Suppose  the  side  AC  of  the  triangle  AGC  to  be  divided  in  any  given  proportion  AB,  bC ; 

and  the  line  bG  drawn  ;  and  let  DF  parallel  to  AC,  cutting  AG  in  D,  and  CG  in  F,  be  cut 

in  the  point  e  by  bG;  then  will  Ab  be  to  bC,  as  De,  eF 

For,  by  the  similar  triangles,  GbA,  GeD,  Gb  :  bA  : :  Ge  :  eD, 
and  by  the  similar  triangles,  GbC,  GeF,  Gb  :  bC  : :  Ge  :  eF ; 
therefore,  by  equality  of  ratios,  Ab  :  bC  : :  De  :  eF. 


Fig.  101, 
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EXAMPLE. 

Divide  the  line  B  in  the  same  proportion  as  the  line  A. 

Draw  the  line  CG  equal  to  the  divided  line,  and  mark  its 
divisions  at  the  points  d,  e,  f :  through  the  points  C,  d,  e,  f,  A 

G,  draw  the  lines  CH,  d  i,  e  k,  f  1,  GM,  at  any  convenient 
angle  parallel  to  each  other.  From  any  point  N  in  CH, 
with  the  radius  of  the  undivided  line  B,  describe  an  arc 
cutting  GM  at  R,  and  join  NR,  which  is  equal  to  the  given 
line  B  ;  then  will  NR  be  divided  at  the  points  o,  p,  q,  in 
the  same  ratio  as  the  line  A. 

SCHOLIUM. 

It  will  be  observed,  that,  when  the  contrary  ends  of  the  lines  are  joined,  the  point  of  intersection 
falls  between  the  parallels,  and  therefore  the  divisions  on  the  parallels  have  contrary  positions  to 
each  other  ;  but  this  cannot  be  called  an  inconvenience,  since  the  parts  of  the  divided  line  can  be 
made  to  proceed  from  either  end  of  the  line  DE,  so  as  to  make  the  progression  begin  as  may  be  required 
in  FG.  This  method  will  be  most  convenient  when  the  two  lines  are  nearly  of  the  same  length  ; 
because,  in  this  case,  the  space  which  contains  the  figure  will  not  be  very  great. 

PROBLEM  XLII. 

To  divide  the  space  between  two  parallel  lines  into  any  number  of  spaces  of  equal  breadth,  by  parallel  linos 

Repeat  any  convenient  distance  upon  a  separate  line  as  many  times  as  shall  equal  the  number  of 
parts  into  which  it  is  intended  to  divide  the  space  between  the  two  parallel  lines,  but  so  that  the 
length  of  all  such  distances  taken  together  shall  not  be  less  than  the  space  between  the  two  parallel 
lines.  Take  the  whole  length  of  such  distances  as  a  radius,  and  from  any  point  in  one  of  the  parallel 
lines  describe  an  arc  cutting  the  other,  and  join  the  centre  and  the  point  of  intersection  ;  then,  upon 
the  line  thus  joining  the  parallels,  set  off  the  divisions  of  the  line  of  equal  parts,  and  through  the 
points  of  division  draw  lines  parallel  to  either  of  the  two  given  lines,  and  the  distance  between  the 
two  given  parallel  lines  will  be  every  where  divided  into  the  number  of  equal  parts  required. 

EXAMPLE. 

To  divide  the  space  between  the  two  parallel  lines  AB,  CD,  Fig-  '06. 

into  six  equal  parts.     Set  off  six  equal  parts  upon  the  line  EF,  so  A —  Jf-      B 

that  the  whole  of  the  parts  EF,  may  not  be  less  than  the  distance  ,> 

between  AB  and  CD.     From  any  point  G,  in  CD,  with  the  radius  >/  — 

EF,  describe  an  arc  meeting  or  cutting  AB  at  H,  and  join  GH  ; 

transfer  the  equal  parts  of  the  line  EF  to  GH,  and  through  the  g,   .    .    .    '-•-;!' 

points  of  division  draw  lines  parallel  to  A  B  or  CD,  and  these  lines 
will  divide  the  space  as  required. 
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Upon  this  principle,  a  Carpenter  may  divide  the  breadth  of  a  board  into  any  number  of  parallel  slips, 
all  equal  in  breadth,  or  in  any  given  proportion  to  each  other. 


A 


l> 


7                           ^ 

75 

^ 

/A                          ^ 

/3                             ^ 

/\    ,    .    .    .                  % 

Thus, let  ABCDbe aboard,  &S-  W. 

and  let  it  be  required  to  di- 
vide it  into  five  laths  or  bat- 
tens of  equal  breadth. 

Upon  the  edge  of  the  board 
set  off  five  equal  parts  of  any 

convenient  length  from  E  to  B  TK    *•      a     3      *     V 

F  :  from  any  point  E,  with  the  radius  EF,  describe  an  arc  cutting  the  opposite  side  of  the  board  at 
g,  and  join  Eg.  Transfer  the  divisions  of  the  line  EF  to  the  line  EG  ;  and  through  the  points  of 
division  1,  2,  3,  4,  draw  the  parallel  lines  h  i,  k  1,  m  n,  o  p,  and  the  board  will  be  divided  into  five 
equal  slips  as  required.  It  is  plain  that  the  distance  EF  must  be  less  than  the  breadth  of  the  board: 
if  any  other  proportions  are  required,  the  process  will  be  exactly  similar. 

Instead  of  using  the  line  EF,  the  number  of  parts  may  be  set  off  on  a  small  slip  of  wood,  or  upon 
the  edge  of  a  two-feet  rule,  and  transferred  at  once  to  the  line  Eg. 

PROBLEM  XLIII. 
To  jind  a,  series  of  lines  in  continued  proportion  from  two  given  lines. 

Having  formed  an  angle,  place  one  of  the  given  lines  from  the  point  of  the  angle  upon  one  of  the 
legs,  and  the  other  line  upon  the  other  leg ;  and  join  the  points  of  extension. 

From  the  angular  point  cut  off  a  distance  from  the  leg  on  which  the  longest  line  was  placed,  equal 
to  the  shorter  line  ;  and  through  the  point  of  division  draw  a  line  parallel  to  the  line  joining  the  two 
legs,  cutting  the  leg  on  which  the  shorter  of  the  two  given  lines  was  placed. 

Proceed  in  the  same  manner,  always  cutting  off  a  distance  from  the  angular  point  upon  the  leg  on 
which  the  longest  given  line  was  placed,  equal  to  the  distance  from  the  angular  point  to  the  point 
on  the  other  leg  cut  by  the  parallel  last  drawn :  then,  from  the  point  of  intersection  draw  another 
parallel  as  before,  and  proceed  in  the  same  way  until  the  process  is  carried  as  far  as  may  be  required. 
The  longest  leg  of  the  angle  will  thus  be  divided  into  a  series  of  continued  proportionals. 

EXAMPLE. 

Find  a  series  of  lines  in  continued  proportion  from  the  two  given  lines  M  and  N. 


Having  drawn  the  angle  ALF,  make  LA  equal  to  M,  and  LF  equal 
to  N,  and  join  AF.  Make  Lb  equal  to  LF,  and  draw  b  g  parallel  to 
AF,  cutting  LF  in  g.  Make  Lc  equal  to  Lg,  and  draw  c  h  parallel 
to  b  g,  and  so  on,  as  far  as  may  be  necessary.* 


Fig.  108. 


M 


*  When  LA,  Lb,  Lc,  Ld,  &c.  are  in  continued  proportion,  their  differences  Ab,  b  c,  c  A,  <!  c,  &c.  iire  also  in  continued 
proportion.     The  truth  of  this  assertion  will  be  shown  in  the  following  Hprnonstration  : — 
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PROBLEM  XLIV. 

From  a  given  straight  line  to  cut  off  any  part  of  it. 
METHOD  1. 

Draw  two  straight  lines  at  any  given  angle  as  before.  On  one  of  the  legs  repeat  as  many  times 
any  convenient  length,  from  the  angular  point,  as  the  part  required  to  be  cut  off  the  given  line  is 
contained  in  the  whole  line,  and  on  the  other  leg  set  off  the  length  of  the  given  line ;  join  the  two 
extreme  points,  and  through  the  first  point  of  division  marked  on  the  first  leg  draw  a  line  parallel  to 
the  line  extending  between  the  extremities  of  the  two  legs,  to  cut  the  other  leg ;  then  the  distance 
between  the  angular  point  and  the  intersection  will  be  equal  to  the  part  required  to  be  cut  off  from 
the  given  line. 

EXAMPLE. 


Let  it  lie  required  to  take  one-fourth  part  of  the  line  F. 


On  the  leg  AC  of  the  angle  CAE,  set  off  four  equal  parts  from 
A  to  C,  and  make  AE  on  the  other  leg  equal  to  the  given  line  F. 
Join  CE,  and  through  b,  the  first  point  of  division,  draw  b  d  par- 
allel to  CE,  cutting  AE  in  d;  then  Ad  is  one-fourth  part  of  the 
given  line  F. 


Fig.  109. 


METHOD  2. 


Draw  any  line  parallel  to  the  given  line ;  and  on  the  parallel  thus  drawn,  repeat  any  convenient 
distance  as  often  as  the  portion  to  be  cut  off  from  the  given  line  is  contained  in  the  whole  line. 


Let  L  A  =  a,  Lb  =  b,  Lc  =  c,  Ld  =  <7,  Le  =  e,  &e. ;  then,  by  the  definition  of  continued  proportion, 

a  :  b  : :  b  :  c 
b  :  c  :  :  c  :  d 
c  :  d  ::  d  :  e 


Then,  by  subtracting  the  alternate  terms, 
a  :  b  : :  a  —  b  : 
6  :  c  :  :  b  —  c  : 
c  :  d  : :  c  —  d  : 


b  — 
e 

d 


~C) 

—  d  >  ; 

—  e) 


&c. 


therefore 


a  —  6:6  —  c  : :  6  —  c  :  c —  rf 

b  —  c:  c  —  d  : :  c  —  did  —  « 

tec. 


But  a  —  6  =  La  —  Lb  =  Ab ;  6  —  c  =  Lb  —  Lc  =  b  c  ;  c  —  d  =  Lc  —  Ld  =  c  d,  &c. ;  therefore  Ab,  b  c,  c  d, 
d  e,  &c.  are  in  continued  proportion,  as  well  as  La,  Lb,  Lc,  Ld,  Le,  &c. 

This  also  admits  of  a  demonstration  by  numbers  :  for,  let  the  whole  line  A  L  be  32  inches  long,  and  (to  avoid  fractions) 
we  will  suppose  Lb  equal  to  16  inches;  then  will  Lc  be  8  inches ;  Ld  4  inches  ;  Le  2  inches,  &c.  Then  the  proportion 
is  thus  expressed, 

32  :  16  : :  16  :  8  : :  8  :  4  : :  4  :  2,  &c. 

Now  if  we  subtract  each  term  in  this  series  from  that  next  above  it,  we  obtain  the  differences,  which  are  also  in  con- 
tinued proportion,  namely, 

16  :  8  : :  8  :  4  : :  4  :  2,  &c. 
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Draw  a  straight  line  through  each  two  corresponding  ends  of  the  given  line  and  its  parallel ;  and 
from  the  point  where  the  two  lines  meet,  draw  another  straight  line  through  the  first  division  of  the 
parallel,  to  cut  the  given  line ;  and  the  part  of  the  given  line  thus  cut  off,  will  be  the  portion 
required. 

EXAMPLE. 


Fig.  110. 


Let  it  be  required  to  cut  of  one-fifth  part  of  the  line  AB. 

Draw  CD  parallel  to  AB ;  from  C  to  D  set  off  five  equal  parts :  draw  AC 
and  BD  meeting  at  E  ;  from  E  through  f,  draw  the  line  Ef  g,  cutting  AB 
at  g ;  then  will  Ag  be  a  fifth  part  of  the  whole  line  AB  as  required. 


PROBLEM  XLV. 
To  find  any  fractional  part  whatever  of  a  given  line,  or  to  form  an  accurate  scale. 

From  the  extremity  of  the  given  line  draw  a  straight  line  at  any  angle  with  it.  From  the  point 
of  concourse  on  the  line  thus  drawn,  set  off  as  many  equal  parts  as  the  number  of  parts  which  the 
given  line  is  intended  to  contain,  and  join  the  unconnected  extremities  of  the  last  part,  and  that  of 
the  given  line :  through  the  points  of  division  draw  lines  parallel  to  the  given  line  to  cut  the  con- 
necting line. 

EXAMPLES. 


Ex.  1.     Find  any  number  of  sevenths  of  the  line  AB. 

Draw  BC,  and  marK  off  seven  equal  parts  from  B  to  C ;  join  AC ;  through  the 
points  of  division  draw  lines  parallel  to  AB  to  meet  the  line  AC ;  then  d  e  will  be 
one-seventh  part  of  the  line  AB,  f  g  two-sevenths,  h  i  three-sevenths,  &c. 


Fig.  111. 
C 


Ex.  2.     Find  any  number  of  tenths  of  the  line  AB. 

Draw  AC,  and  set  ten  equal  parts  on  the  line  AC ;  join  BC,  and  through 
the  points  of  division  in  AC,  draw  lines  parallel  to  AB,  to  cut  the  line  BC  ; 
then  d  e  is  one-tenth,  f  g  two-tenths,  h  i  three-tenths,  &c. 

It  is  upon  this  principle  that  diagonal  scales  are  constructed. 
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PROBLEM  XLVI. 

Given  one  side  of  a  triangle,  and  one  of  the  angles  adjacent  to  that  side,  to  complete  the  triangle,  so  that 

the  other  two  sides  may  have  a  given  ratio. 


Let  AB  be  the  given  side  of  the  triangle,  BAG  the  given 
angle,  and  let  the  lines  M  and  N  be  the  ratio  of  the  other  two 
sides. 

In  the  indefinite  leg  AC  of  the  angle,  make  Ae  equal  to  M ; 
from  the  point  e,  with  a  radius  equal  to  N,  describe  an  arc 
cutting  AB  at  d:  join  e  d,  and  through  B  draw  CB  parallel 
to  e  d ;  then  ABC  is  the  triangle  required.* 


Fig.  113. 


M_ 


K_ 


PROBLEM  XLVII. 


Upon  a  given  straight  line  to  describe  a  trapezoid,  so  that  the  two  sides  which  join  the  given  side  may  be 
equal  to  each  other,  and  the  intermediate  side  may  be  parallel  to  the  given  side  and  at  a  given  distance 
from  it,  and  in  a  given  ratio  with  either  of  its  adjacent  sides. 


Let  AB  be  the  given  straight  line,  and  let  the  ratio 
which  the  middle  side  to  be  described  is  to  have  to  each 
of  its  adjacent  sides  be  as  MN  to  PQ. 

Bisect  AB  by  the  perpendicular  e  f  cutting  it  in  e,  and 
make  e  f  equal  to  the  distance  of  the  opposite  side ;  join 
Af,  and  through  f  draw  DC  parallel  to  AB.  Bisect  MN 
in  k,  and  from  the  point  f  in  the  line  CD  make  f  g  equal 
to  Mk  or  kN,  and  from  g  with  the  distance  PQ  describe 
an  arc  cutting  Af  in  h.  Draw  AD  parallel  to  h  g ;  make 
fC  equal  to  fD,  and  join  BC  ;  then  ABCD  is  the  trape- 
zoid required. 


Fig.  114. 
Dg £_      C 
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SCHOLIUM. 

The  operation,  after  having  made  the  perpendicular  e  f,  and  having  drawn  DC  parallel  to  AB, 
and  having  joined  Af,  is  the  same  as  in  Problem  XLVI. ;  for  here  are  given  the  base  Af,  the  angle 
AfD,  and  the  ratio  of  the  sides  Mk,  PQ,  to  describe  the  triangle  AfD. 

The  use  of  this  Problem  is  to  describe  the  plan  of  a  prismatic  bow  of  a  building,  which  may  either 
have  its  three  visible  sides  equal  to  each  other  in  breadth,  or  in  any  given  ratio  to  each  other. 


•  DEMONSTRATION. 

Because  (in  the  figure  given  in  the  text)  Ae  is  equal  to  M,  and  e  d  is  equal  to  N,  therefore  Ae  is  to  e  d  as  M  is  to  N; 
but  because  BC  is  parallel  to  d  e,  Ae  is  to  e  d  as  AC  to  CB;  therefore  AC  is  to  CB  as  M  is  to  N;  and  the  triangle 
ABC  is  described  as  required. 
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PROBLEM  XLVIII. 

A  square  being  given,  to  inscribe  a  regular  octagon  which  shall  have  four  of  its  sides  portions  of  the 

four  sides  of  the  square. 


METHOD   1. 


Let  A  BCD  be  the  given  square  ;  bisect  any  two  adjacent  sides 
AB  and  AD  by  the  perpendiculars  f  h  and  e  g,  cutting  each  other 
in  the  centre  s :  make  s  e,  s  f,  s  g,  s  h,  each  equal  to  sA,  sB,  sC, 
or  sD :  join  e  f,  cutting  the  two  adjacent  sides  AD,  AB,  in  L  and 
M  ;  join  f  g  cutting  AB  in  N,  and  BC  in  0  :  join  g  h,  cutting  BC 
in  P,  and  CD  in  Q ;  and  lastly,  join  h  e,  cutting  CD  in  I,  and 
DA  in  K  ;  then  will  IKLMNOPQ  be  the  octagon  required. 


p 


K 


Fig.  115. 

h. 


A  MN 


Q    f; 


0 


J    it 


METHOD  2. 


Draw  the  two  diagonals  AC,  BD,  cutting  each  other  in  s,  as  before  ; 
then  each  of  the  diagonals  will  be  bisected  by  the  point  s.  With  a  dis- 
tance equal  to  As  half  of  a  diagonal,  cut  off  from  the  four  angular  points 
A,  B,  C,  D,  the  distances  AK,  AP,  BI,  BM,  CL,  CO,  DN,  DQ,  from 
each  of  the  sides  of  the  square,  and  join  KL,  MN,  OP,  QI ;  then  will 
KLMNOPQI  be  the  octagon  required.* 


Fig.  116. 
J)      O  N       (,' 


:M 


A      1  KB 


*  DEMONSTRATION. 

Join  K  s ;  then  AK  being  equal  to  As,  the  two  angles  A  K  s,  A  s  K  are  equal  to  each  other ; 
and,  since  the  three  angles  of  every  triangle  are  equal  to  two  right  angles,  and  the  angle 
KAs  is  half  a  right  angle,  each  of  the  two  angles  AsK,  AKs  must  be  three  quarters  of  a 
right  angle ;  consequently  the  angle  KsB  must  be  a  quarter  of  a  right  angle.  For  the  same 
reason  the  angle  Asl  must  also  be  a  quarter  of  a  right  angle;  therefore  the  two  angles  Asl, 
KsB,  together  make  half  a  right  angle ;  and  since  the  angle  AsB  is  a  right  angle,  the  angle 
IsK  must  be  half  a  right  angle,  or  the  whole  number  of  angles  round  the  centre  s  equal  to 
eight  half  right  angles. 


Fig.  117. 
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PROBLEM  XLIX, 
[Plate  CX] 

Oiven  any  two  lines  AB  and  CD  tending  to  an  inaccessible  point,  to  draw  a  line  through  another  point 
E,  so  that  all  the  three  lines  may  tend  to  the  same  point. 

In  the  line  AB,  take  Ag  any  convenient  part  of  AB,  and  C  Fig.  118. 

any  convenient  point  in  CD,  and  join  AC,  gC,  also  join  AE  and 
gE.  Through  any  point  B  at  or  near  the  other  extremity  of  AB 
draw  BD  parallel  to  gC  ;  and  through  the  point  D  draw  Dh  paral- 
lel to  CA,  BF  parallel  to  gE,  and  hF  parallel  to  AE,  and  join  EF : 
then  AB,  CD,  EF,  would  all  meet  in  the  same  point  if  produced. 

The  operation  is  evidently  the  same  whether  the  point  E  lies 
between  or  without  the  two  given  lines. 

When  there  are  two  given  lines  and  several  points,  either  with- 
out or  between  the  two  given  lines,  the  same  process  must  be 
gone  through  for  each  point;  but  the  same  bases  Ag  and  hB  may 
be  made  to  serve  for  every  point,  as  is  plain  by  inspecting  Plate  CX.  of  Inaccessible  Lines. 

See  also  Fig.  1  and  2,  Plate  CX.  Inaccessible  Lines,  where  the  diagrams  are  in  a  proportion  which 
is  likely  to  occur  in  practice. 

PROBLEM  L. 

To  draw  a  straight  line  through  a  given  point  that  shall  make  equal  angles  on  the  same  side  of  it  with 

two  other  given  straight  lines. 

Through  the  given  point  draw  a  perpendicular  upon  each  of  the  two  given  lines,  and  produce  one 
of  the  lines  on  the  other  side  of  the  point ;  bisect  the  angle  contained  by  the  line  thus  produced  and 
the  other  perpendicular,  and  the  bisecting  line,  continued  to  meet  each  of  the  two  given  lines,  will 
make  equal  angles  with  those  two  lines. 

EXAMPLE. 


Figs.  119,  Nos.  1  &  2. 


Draw  a  straight  line  through  the  point  E  to  make  equal  angles  on  the  same  side  of  it  with  the  two 

given  lines  AB  and  CD. 

Through  E  draw  EF  perpendicular  to  CD,  and  EH  perpendicular 
to  AB ;  then  draw  IK  bisecting  the  angle  FEE,  and  the  angles 
BIK  and  DKI  will  be  equal  to  one  another. 

See  also  Fig.  3  and  4,  Plate  CX.  Inaccessibk  Lines,  where  the 
diagrams  are  nearer  to  the  proportion  in  which  they  would  occur  in 
practice.* 

In  No.  2,  the  given  point  E,  and  the  two  other  points  E,  G,  where 
the  perpendiculars  cut  AB,  coincide. 


•  DEMONSTRATION.  B 

Because  in  No.  1,  EG  is  perpendicular  to  AB,  and  EF  perpendicular  to  CD,  the  two  triangles  EGI,  EFK  are  right- 
angled  ;  and  because  the  two  opposite  equal  angles  GEA,  FEH  are  bisected,  the  two  angles  IEG,  KEF  must  be  equal; 
therefore  in  the  two  triangles  EGI,  EFK,  the  remaining  angle  EIG  is  equal  to  the  remaining  angle  EKF.  • 

2o 
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I) 


PROBLEM  LI. 

Given  the  chord  and  versed  sine  of  a  segment,  to  draw  a  tangent  at  either  extremity  of  the  chord,  without 
making  use  of  the  centre  or  any  part  of  the  arc. 

Let  AC  be  the  chord,  and  DB  the  versed  sine  ;  join  BC,  and  Fig.  120. 

draw  the  line  EC  making  the  angle  BCE  equal  to  the  angle 
BCD.* 

See  also  Fig.  5,  Plate  CX.  of  Inaccessible  Lines,  where  the 
diagram  is  nearer  to  the  proportion  in  which  it  would  occur  in 
practice. 

PROBLEM  LIT. 

Given  the  chord  and  versed  sine  of  the  segment  of  a  circle,  to  draw  a  line  tending  to  the  centre  from  the 
extremity  of  the  chord,  without  making  use  of  the  centre. 

Let  AC  be  the  chord,  BD  the  versed  sine  given  in  position 
and  magnitude. 

Find  the  tangent  CE  as  in  the  last  problem,  and  draw  CF 
perpendicular  to  CE  ;  then  CF  will  tend  to  the  centre  as 
required. 

See  also  Fig.  6,  Plate  CX.  of  Inaccessible  Lines. 


PROBLEM  LIII. 
[Plate  CX/.] 

To  describe  the  segment  of  a  circle  when  the  extension  of  the  radius  reaches  beyond  the  space  where  the 

operation  is  to  be  performed. 

Bisect  the  chord  AC  (Fig.  1,  Plate  OIL  Inaccessible  Lines)  by  the  perpendicular  DB,  making 
DB  equal  to  the  versed  sine  of  the  segment :  join  AB  and  BC. 

Prolong  BA  to  E,  and  BC  to  F.  Fasten  two  slips  of  wood  BE  and  BF  together,  so  that  their 
outer  edges  may  contain  the  angle  EBF;  then  bring  the  angular  point  B  to  A,  and  move  the  in- 
strument so,  that,  while  the  point  B  is  proceeding  from  A  to  C,  the  edge  BE  may  slide  upon  a 


*  The  above  depends  upon  this  proposition  of  Euclid,  book  iii.  prop.  32,  that  the 
angle  made  by  a  chord  and  its  tangent  is  equal  to  the  angle  in  the  alternate  segment. 

Now  in  Fig.  121,  BC  being  a  chord,  BAG  and  BFC  are  angles  in  the  alternate 
segment;  and  since  DB  is  perpendicular  to  AC,  the  isosceles  triangle  ABC  is  divided 
into  two  equal  and  similar  triangles ;  therefore  the  angle  BCA  is  equal  to  the  angle 
BAC,  and  consequently  the  angle  BCA  is  equal  to  the  angle  BCE. 
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point  or  pin  fixed  at  A,  and  the  edge  BF  upon  a  pin  fixed  at  C  ;  then  the  pressure  of  a  pencil  at  the 
angular  point  B  upon  the  plane  of  description  will  describe  the  segment  required.* 

Here  it  is  plain  that  neither  of  the  legs  BE  and  BF  must  be  less  than  the  chord  AC,  or  the  arc 
cannot  be  described  at  one  movement  of  the  instrument. 

SCHOLIUM. 

Though  this  method  in  the  simple  form  now  explained  is  exceedingly  convenient  in  a  variety  of 
cases,  there  are  many,  however,  that  occur  where  it  cannot  be  applied  for  want  of  room  to  work  the 
instrument,  without  moving  the  apparatus  and  board  or  table  on  which  the  arc  is  described,  as  is 
already  evident  from  the  problem  now  given,  and  will  be  still  more  so  by  inspecting  Fig.  2,  Plate 
CXI.,  where  it  appears  that  the  instrument  requires  much  more  space  than  the  radius  itself;  there- 
fore some  modifications  will  be  necessary  in  order  to  meet  every  case  that  may  occur  in  practice. 
This  will  be  explained  in  the  following  problems. 


PROBLEM  LIV. 


Given  two  tangents  to  the  arc  of  a  circle  and  their  points  of  contact,  to  find  any  number  of  equidistant 
points  in  that  arc  without  making  use  of  the  centre,  or  having  the  arc  previously  described. 


Fig.  123. 


Let  AB  and  CD  be  the  two  tangents,  A  and  C  their 
points  of  contact:  join  AC,  and  divide  the  angles  CAB 
and  ACD  each  into  as  many  angles  as  the  number  of 
equidistant  parts  required  in  the  arc ;  then  the  points 
m,  n,  o,  where  the  lines  intersect,  are  the  points  re- 
quired, t 


SCHOLIUM. 

If  the  number  of  parts  is  even,  this  problem  can  be  geometrically  executed  by  continual  bisec- 
tions. The  practice  may  be  as  follows : — Having  drawn  the  chord  AC ;  from  the  centre  A,  with 
the  distance  AC,  describe  the  arc  CB,  and  from  the  centre  C,  with  the  same  distance,  describe  the 
arc  AD :  divide  the  arcs  AC  and  BD,  each  into  as  many  equal  parts  as  the  number  of  equidistant 
points  to  be  found  in  the  arc  between  the  points  of  contact  A  and  C,  which  are  here  four ;  then, 
numbering  the  parts  at  one  end  from  A  to  D,  and  the  other  in  the  contrary  order  from  B  to  C, 
every  pair  of  lines  drawn  from  the  same  numbers  to  the  extremities  A  and  C  of  the  chord  will  be  a 
point  in  the  arc  required. 

Keeping  the  same  principle  in  view,  this  method  is  still  capable  of  receiving  a  more  practical  form, 
as  will  be  shown  in  the  following  proposition. 

*  The  principle  of  the  above  method  is  founded  on  this  theorem,  that  all  angles  in  the  same  segment  of  a  circle  are 
equal  to  each  other,  and  is  demonstrated  in  proposition  xxi.  book  iii.  of  Euclid. 

f  This  method  depends  on  the  equality  of  the  arcs  in  the  circumference,  when  the  angles  at  the  circumference  are 
equal;  and  here,  since  the  angles  CAo,  oAn,  nArn,  mCA,  as  also  the  angles  ACm,  mCn,  nCo,  oAC  are  equal,  the  points 
m,  n,  o,  must  be  in  the  circumference  of  the  same  circle  in  which  the  points  A  and  C  are.  The  theorem  on  which  this 
principle  depends  is,  "  In  equal  circles,  angles,  whether  at  the  centres  or  circumferences,  have  the  same  ratio  that  the 
arcs  on  which  they  stand  have  to  one  another;"  which  is  demonstrated  in  proposition  xxxiii.  book  iii.  of  Euclid. 
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PROBLEM  LV. 

Given  the  two  extremities  of  an  arc,  and  a  tangent  at  one  of  them,  to  find  any  number  of  equidistant  points 
in  the  arc,  without  having  any  part  of  the  circumference,  or  making  use  of  the  centre. 

Let  A,  C,  be  the  two  extremities  of  the  arc,  and  AB  the  F'*>-  124- 

tangent  at  the  point  A. 

From  the  centre  A,  with  the  distance  AC,  describe  the 
arc  BC  ;  divide  the  arc  BC  into  as  many  equal  parts,  at  the 
points  1,  2,  3,  as  the  number  of  equidistant  points  required 
to  be  found  in  the  arc.  From  the  centre  C,  with  the  dis- 
tance CA,  describe  the  arc  Af :  make  Af  equal  to  one  of  the  equal  parts  of  the  arc  BC ;  draw  1A, 
2  A,  3 A,  and  fC  which  will  intersect  1A  at  m;  then  from  m,  with  the  distance  mA,  describe  an  arc 
cutting  2 A  at  n ;  from  n,  with  the  same  radius,  describe  an  arc  cutting  3 A  at  o ;  then  the  distances 
Am,  mn.no,  oC,  will  be  all  equal. 

SCHOLIUM. 

As  the  mechanical  construction  of  a  geometrical  problem  is  never  executed  with  the  rigorous 
exactness  of  the  theory,  and  is  very  frequently  insufficient  to  the  end  proposed,  unless  proved  by 
trial ;  so  in  this  instance  it  may  happen,  that  the  distance  Am,  when  repeated  the  requisite  number 
of  times  upon  the  several  lines,  may  either  extend  beyond  the  point  C,  or  fall  short  of  it,  as,  from 
the  obliquity  of  the  intersection,  the  exact  point  m  cannot  be  easily  seen:  in  this  case  we  must 
extend  or  contract  the  distance  a  very  small  portion,  until  the  number  required  fall  upon  the  point 
C.  This  may  be  easily  adapted  to  the  following  proposition. 

PROBLEM  LVI. 

Given  the  chord  and  versed  sine  of  the  arc  of  a  circle,  to  find  any  number  of  points  in  each  half  arc 

of  that  segment. 

Let  AC  (Fig.  3,  Plate  CXI.)  be  the  chord,  and  DB  the  versed  sine. 

Through  B  draw  PQ  parallel  to  AC.  Here  are  now  given  the  two  extremities  A,  B,  and  the 
tangent  BP,  to  find  the  number  of  equidistant  points  required:  this  being  done  by  Problem  LV.  we 
shall  have  the  arc. 

In  like  manner  for  the  other  half,  there  are  given  the  two  extremities  B  and  C,  and  the  tangent 
BQ,  to  find  the  number  of  equidistant  points  required ;  which  being  executed  by  the  same  problem, 
we  shall  have  the  other  half,  and  consequently  the  whole  arc  of  which  the  chord  is  AC  and  the 
versed  sine  DB. 

The  diagram  exhibited  in  the  plate  is  drawn  in  proportions  likely  to  occur  in  practice. 

PROBLEM  LVII. 

Given  the  chord  and  versed  sine  of  the  segment  of  a  circle,  to  describe  the  curve,  without  having  recourse 

to  the  centre. 

Find  the  intermediate  points  m,  n,  o,  (Fig.  4,  Plate  CXI.,)  for  each  half  of  the  arc,  by  Problem 
LV.  Now,  taking  any  three  adjacent  points  m,  B,  m,  draw  the  two  lines  Bm,  Bm,  and  produce 
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Bin  to  k,  and  the  other  line  Bm  to  i,  so  that  neither  Bk  nor  Bi  may  be  less  than  the  distance  be- 
tween m  and  m :  form  now  the  edge  of  a  board  to  the  angle  kBi ;  bring  the  point  B  of  the  angle  of 
the  board  to  m ;  then  in  moving  the  board  so  that  the  edge  Bk  may  slide  upon  a  pin  at  m,  and  the 
edge  Bi  upon  a  pin  at  the  other  point  m,  the  angular  point  B  will  trace  the  arc  mBm  by  means  of 
a  pencil. 

An  arc  being  described  in  this  manner  for  every  two  adjacent  distances,  the  whole  segment  will 
be  completed. 

SCHOLIUM. 

The  use  of  this  problem  will  render  the  operation  of  describing  the  arc  of  the  segment  of  a  circle 
a  most  agreeable  undertaking,  when  the  centre  is  inaccessible.  The  same  method  ought  still  to  be 
followed  in  very  large  arcs,  supposing  the  centre  to  be  accessible,  but  beyond  the  reach  of  a  rod,  as 
it  would  not  be  easy  to  move  a  chain  or  a  line  so  as  to  keep  it  straight. 


PROBLEM  LVIII. 

Given  the  chord  of  an  arc,  and  any  intermediate  point  whatever  in  that  arc,  to  find  the  versed  sine  of  the 

segment  without  having  the  centre  given. 

Let  AC  (Plate  CXI.  Fig.  5.)  be  the  chord  of  the  arc,  and  M  the  intermediate  point ;  bisect  AC 
by  a  perpendicular  DB,  and  join  AM,  cutting  DB  at  e;  join  eC  and  MC;  draw  BC  bisecting  the 
angle  eCM,  and  DB  will  be  the  versed  sine  required.* 


PROBLEM  LIX. 

Given  any  number  of  equidistant  points  in  the  arc  of  a  circle,  to  draw  a  line  through  any  one  of  these 
points  which  shall  be  a  tangent  to  the  arc  at  that  point,  without  making  use  of  the  centre  of  the  circle. 

Let  M,  s,  u,  (Fig.  6,  Plate  CXI.,)  be  any  three  points,  of  which  the  middle  one  s  is  equidistant 
from  each  of  the  other  two,  u  and  M,  and  let  it  be  required  to  draw  a  line  through  the  point  M  that 


*  DEMONSTRATION. 

In  addition  to  the  constructive  lines  join  AB :  we  must  here  prove  that  the  Fig.  125. 

angle  ABC  is  equal  to  the  angle  AMC ;  to  this  purpose,  since  all  the  angles  of 
every  triangle  are  equal  to  two  right  angles,  and  since  all  the  angles  in  the  same 
segment  are  equal  to  each  other,  the  sum  of  the  angles  BAC,  BCA  at  the  base  of 
the  triangle  ABC,  ought  to  be  equal  to  the  angles  MAC,  MCA  at  the  base  of  the 
triangle  AMC;  therefore  each  of  the  two  angles  BAC,  BCA,  ought  to  be  equal 
to  the  less  angle  MAC  of  the  triangle  AMC,  together  with  half  the  difference  of 

the  two  angles  MAC,  MCA  of  the  triangle  AMC.  Now  the  angle  eCA  is  equal  to  the  angle  eAC,  and  the  angle  eAC 
is  equal  to  the  angle  MAC;  therefore  the  angle  eCA  is  equal  to  the  angle  MAC,  and  the  two  angles  eCA,  MCA  are 
equal  to  the  two  angles  MAC,  MCA;  consequently  eCM  is  the  difference  of  the  two  angles  MAC,  MCA;  and  since 
BC  bisects  the  angle  eCM,  the  angle  BCA  is  equal  to  the  angle  MAC,  together  with  half  the  difference  of  the  two 
angles  MAC,  MCA. 
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shall  be  a  tangent  to  the  curve.     Join  Mu,  and  from  M  with  the  radius  Ms  describe  an  arc  r  s  t 
cutting  Mu  at  r.     Make  s  t  equal  to  s  r  and  draw  Mt ;  then  Mt  is  the  tangent  required.  * 


PROBLEM  LX. 

To  draw  lines  through  any  given  points  in  or  out  of  an  arc  of  a  circle  that  shall  tend  to  the  centre, 

without  knowing  where  the  centre  is. 

Find  the  equidistant  points  (Fig.  6,  Plate  CXI.)  A,  v,  e,  f,  B,  u  s,  M,  C  in  the  arc,  by  Problem 
LV.  at  such  a  distance  as  to  be  within  the  reach  of  the  instrument  now  about  to  be  described ;  but 
before  we  can  apply  this  instrument  conveniently,  it  will  be  necessary  to  draw  lines  through  the 
points  «,  e,  f,  B,  &c.  tending  to  the  centre :  for  this  purpose,  bisect  the  distance  between  e  and  /  by 
the  perpendicular  w  h,  and  that  from  e  to  B  by  the  perpendicular  x  k ;  w  h  will  pass  through  the 
point  e,  and  x  k  through  the  point  /:  the  two  perpendiculars  thus  drawn  to  their  imaginary  chord? 
will  tend  to  the  centre. 

Set  off  any  convenient  distance  e  g  on  the  line  tv  h ;  make  /  i  equal  to  e  g,  and  through  the  points 
y  and  i  draw  a  line :  draw  i  p  parallel  to  g  h,  and  make  the  angle  q  g  n  equal  to  the  angle  kip; 
then  place  several  straight  edges  together  in  such  a  manner  that  the  edge  of  one  of  them  may  be 
upon  the  line  i  q,  another  upon  the  line  g  h,  and  a  third  upon  the  line  g  n ;  then  fasten  these  to- 
gether at  the  angle  in  which  they  are  placed  as  one  machine :  put  a  pin  in  the  point  g,  and  another 
in  the  point  i,  and  move  the  instrument  so  that  the  edge  g  n  may  slide  upon  the  pip  at  g,  and  the 
edge  g  i  upon  the  pin  at  i ;  then,  when  the  edge  g  h  falls  upon  any  intermediate  point  between  e  and 
/,  stop  the  motion  of  the  instrument,  and  draw  a  line  along  the  edge  g  h;  the  line  thus  drawn  will 
tend  to  the  centre,  t 


•  DEMONSTRATION. 

Let  Msu  be  the  arc  of  a  circle,  and  let  it  be  bisected  in  s,  and  join  Ms,  s  u. 
Draw  the  chord  Mu ;  from  M  with  the  distance  Ms  describe  the  arc  r  s  t,  cutting 
Mu  in  r.  Make  s  t  equal  to  s  r,  and  join  Mt;  then,  because  the  arc  s  t  is  equal  to 
the  arc  s  r,  the  angle  sMt  is  equal  to  the  angle  sMr;  that  is,  equal  to  the  angle  sMu; 
and  because  sM  is  equal  to  s  u,  the  angle' sMu  is  equal  to  the  angle  suM.  But  sMt 
is  the  angle  made  by  the  chord  Ms  and  the  tangent  Mt,  and  Mus  is  the  angle  in  the 
alternate  segment ;  therefore  Mt  is  a  tangent  to  the  circle. 


t  DEMONSTRATION. 

The  angle  CBD  is  equal  to  the  angle  CAD,  because  they  stand 
upon  the  same  arc  DC;  and ; the  angle  CDB  is  equal  to  the  angle 
CAB,  because  they  stand  upon  the  same  arc  BC;  therefore,  if  D,  C,  B, 
be  three  fixed  points,  the  angles  CAD  and  CAB  will  always  continue 
to  be  the  same  wherever  the  point  A  is  situated  in  respect  of  A  and 
B  ;  therefore,  if  AE,  AC,  AF,  be  three  inflexible  rulers  always  at  the 
same  angles,  if  the  ruler  AE  slide  upon  the  point  D,  and  AF  upon  the 
point  B,  the  middle  ruler  AC  will  always  pass  through  the  point  C. 
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PROBLEM  LXI. 
[.Plate  CX//.] 

Given  any  two  straight  lines  inclined  to  each  other,  to  describe  an  arc  of  a  circle  which  shall  pass  through 
a  given  point  in  one  of  the  lines,  and  shall  have  a  given  chord,  and  the  point  of  iitiersection  of  the  two 
lines  as  a  centre. 

Let  AB,  CD  (Plate  CXII.  Fig.  1  and  2)  be  the  two  lines  tending  to  the  centre,  and  let  C  be  the 
point  through  which  the  arc  is  to  pass. 

Draw  AC,  by  Problem  L.  so  as  to  make  the  angles  DCA  and  BAG  equal  to  eacli  other.*  Divide 
AC  into  any  convenient  number  of  equal  parts,  as  3,  and  make  CE  equal  to  a  third  of  CA.t  Draw 
EG  parallel  to  AB,  and  from  G-,  with  the  radius  GC,  describe  the  arc  ECHF.  From  the  point  C, 
with  a  radius  equal  to  a  third  of  the  extension  of  the  given  chord,  describe  an  arc  cutting  the  arc 
CHF  at  F.  Join  CF,  and  produce  CF  to  I,  making  CI  equal  to  three  times  CF.  Bisect  CI  in  K, 
and  draw  KL  perpendicular  to  CI ;  also  bisect  the  arc  CHF  in  H.  Through  the  points  C  and  H 
draw  the  straight  line  CL;  then,  by  Problem  LVL,  describe  the  arc  of  a  circle,  of  which  CI  is  its 
chord,  and  KL  the  versed  sine,  and  the  thing  required  will  be  done. 

Fig.  1  has  its  centre  at  so  very  remote  a  distance,  that  the  lines  are  not  so  well  adapted  for  de- 
scription as  Fig.  2 ;  but  such  a  form  is  here  shown  because  it  is  very  likely  to  occur  in  practice. 


CHAP.   III.  — ARITHMETICAL  OPERATIONS  RESPECTING  THE  CIRCLE. 

PROBLEM  I. 
Given  the  chord  and  versed  sine  of  the  arc  of  a  circle,  to  find  the  radius. 

Divide  the  square  of  half  the  chord  by  the  versed  sine ;  add  the  versed  sine  to  the  quotient,  and 
divide  by  2,  which  will  give  the  radius.  | 

*  This  operation  may  be  very  neatly  performed,  as  in  Fig.  3.     Draw  CE  parallel  to  AB,  and  bisect  the  angle  DCE  by 
the  straight  line  CA,  and  CA  will  make  equal  angles  with  AB  and  CD. 
t  In  Fig.  1  EC  is  made  one-tenth  of  AC,  but  the  same  letters  of  reference  are  retained  in  both  figures. 

t  DEMONSTRATION. 

Let  Mm  be  the  chord,  and  AP  the  versed  sine.  Through  the  three  points  M,  A,  m, 
draw  the  circle  MA  m  a,  (by  Problem  XVI.,)  and  produce  AP  to  a.  In  the  semicircle 
AMa,  MP  is  a  mean  proportional  between  AP  and  Pa,  that  is,  AP  is  to  MP,  as  MP  is  to 
Pa,  and  therefore,  by  the  nature  of  proportionals,  AP  multiplied  by  Pa  is  equal  to  MP 
multiplied  by  itself,  or  the  square  of  MP:  but  MP  is  half  the  given  chord,  and  AP  and 
Pa  together  make  the  diameter;  therefore  the  square  of  the  half  chord  is  equal  to  the 
product  of  the  versed  sine  multiplied  by  the  remainder  of  the  diameter.  Consequently, 
if  the  square  of  the  half  chord  be  divided  by  the  versed  sine,  and  the  versed  sine  be  added 
to  the  quotient,  it  is  evident  we  have  the  diameter  of  the  circle,  half  of  which  is  the  radius. 


2gg  ELEMENTS  AND  PRACTICE  OF  GEOMETRY.  [PART  IV. 

EXAMPLE. 
Required  the  radius  of  a  circle  of  which  the  chord  is  16  feet,  and  the  versed  sine  5  feet 

5)64  =  the  square  of  8,  the  half  chord 

I2S 
5       =  the  versed  sine 

2)17* 

8'9  the  radius  required 
or  8  feet  10J  inches  radius. 

PROBLEM  II. 

The  radius  and  half  chord  of  the  segment  of  a  circle  being  given,  to  find  the  versed  sine  of  the  arc 

of  that  segment.* 

RULE. 

From  the  radius  subtract  the  square  root  of  the  difference  of  the  squares  of  the  radius,  and  .that 
of  the  half  chord,  and  the  remainder  is  the  versed  sine. 

EXAMPLES. 

Ex.  1.     Required  the  versed  sine  to  the  segment  of  a  circle  of  which  the  chord  is  12  feet,  and  the 
radius  of  the  circle  250  feet. 

£50  radius 
250 


12500 
50 

62500  square  of  the  radius  250 
36  square  of  6,  the  half  chord 


62464(249-927 
4 


44)    224 
176 


489)    4864  from  radius  250 

4401  subtract  249-927 


4989)    46300  0-073  the  versed  sine  in  decimals  of  a  foot 

44901  12 

49982)     139900  -876  in  decimals  of  an  inch 

99964  8 


499847)    3993600  7'008,  so  that  the  versed  sine  required  is  ahout  4  of  an  inch. 

3498929 

494671 

. 

*  In  Fig.  128,  as  MCP  is  a  right-angled  triangle,  the  square  of  MC  is  equal  to  the  sum  of  the  squares  of  MP,  and 
PC  (Problem  V.);  but  MC  is  the  radius,  and  MP  the  half  chord,  therefore  PC  is  equal  to  the  square  root  of  the  differ- 
ence of  the  squares  of  the  radius  and  half  chord,  and  if  PC  be  taken  from  the  radius  there  remains  the  versed  sine: 
whence  we  obtain  a  rule  for  this  problem. 
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Ex.  2.  Supposing  the  radius  of  the  plan  of  a  circular  bow  in  a  building  to  be  8  feet  101  inches, 
and  that  bow  to  contain  windows  each  four  feet  wide ;  how  far  will  the  arc  of  the  sash-frame  project 
from  its  chord? 


8  feet  10|  inches 
12 


radius  10675  reduced  to  inches  and  tenths 
10675 


53375 
74725 
64050 
10675 

11395-5625 
576  =:  square  of  half  chord  in  inches 


10819-5625(104-017 
1 


204)    0819 
816 


208-01)     35625 
20801 


106-75 
104-017 

2-733 
8 


208-027)    1472400 
1456189 


5-864,  versed  sine  as  required. 


16211 


So  that  the  versed  sine,  or  the  projection  of  the  sash,  is  very  nearly  2|  inches. 

Ex.  3.     Required  the  versed  sine  to  a  segment  of  which  the  chord  is  200  feet,  and  the  radius  of 
the  arc  250  feet. 


250 
250 


12500 
500 

62500 
10000 

52500(229-128 
4 


42)    125 

84 

449)    4100 
4041 

458n      5900 
4581 


45822)     131900 
91644 


458248)    4025600 
3665984 

359616 


250-0 
229-128 

20-872,  versed  sine  as  required. 


2p 
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[PART  IV. 


PROBLEM  III. 

Given  the  radius  of  a  circle,  and  the  versed  sine  of  a  segment  of  that  circle,  to  find  the  distance  between 
the  centre  of  the  circle  and  the  chord  of  the  segment. 


Let  DBEF  be  the  circle,  0  its  centre,  DE  a  chord,  C  the  middle  of  the  chord, 
and  BC  the  versed  sine  ;  then,  if  BC  be  produced  to  F,  BF  will  be  a  diame- 
ter, and  OC  will  be  the  distance  between  the  centre  0,  and  the  chord  DE  and 
OB  the  radius  of  the  circle. 

Now  OC  =  OB  —  BC. 


RULE. 

From  the  radius  subtract  the  versed  sine,  and  the  remainder  is  the  distance  between  the  centre 
of  the  circle  and  the  chord. 

EXAMPLE. 

Suppose  the  radius  of  a  circle  to  be  250,  and  the  versed  sine  2O872  ;  required  the  distance  of  the 
chord  from  the  centre. 

250-0 
20-872 


229-128,  the  distance  between  the  centre  and  the  chord,  as  required. 

In  the  segment  of  a  circle,  any  line  parallel  to  the  versed  sine,  contained  between  the  arc  and  the 
chord  is  called  an  ordinate,  and  the  distance  of  that  ordinate  from  the  versed  sine  is  called  an 
abscissa. 


PROBLEM  IV. 

Given  the  radius  of  a  circle,  the  distance  from  the  centre  to  a  chord  of  that  circle,  and  the  distance  of  an 
ordinate  in  the  segment  from  the  versed  sine,  to  find  the  length  of  the  ordinate. 

From  the  square  root  of  the  differences  of  the  squares  of  the  radius  and  of  the  abscissa  subtract 
the  distance  from  the  centre  of  the  circle  to  the  middle  of  the  chord,  and  the  remainder  is  the 
ordinate.* 


*  Let  DBEF  be  the  circle,  DE  the  chord,  MP  the  ordinate,  and  O  the  centre.  Draw  the 
radius  OM,  and  the  diameter  BF  bisecting  the  chord  DE:  draw  OQ  parallel  to  DE,  and  pro- 
duce MP  to  Q.  In  the  right-angled  triangle  OMQ,  the  square  of  the  radius  OM  is  equal  to 
the  sum  of  the  squares  of  OQ  (which  is  equal  to  the  abscissa),  and  QM,  and  therefore  QM  is 
equal  to  the  square  root  of  the  difference  of  the  squares  of  OQ  and  OM.  But  QM  is  equal  to 
the  given  ordinate,  together  with  the  distance  from  the  centre  of  the  circle  to  the  middle  of  the 
chord;  therefore,  if  from  the  square  root  of  the  difference  of  the  squares  of  the  radius  and  the 
abscissa,  we  subtract  the  distance  from  the  centre  of  the  circle  to  the  middle  of  the  chord,  the 
remainder  must  be  equal  to  the  ordinate. 
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EXAMPLE. 


Given  the  radius  of  a  circle  250  feet,  the  distance  between  the  centre  and  a  chord  229-128  feet,  to 
find  an  ordinate  of  the  segment  at  the  distance  of  10  feet  from  the  versed  sine. 


250 
250 


12500 
50 

62500  =  the  square  of  the  radius 
100  =  the  square  of  the  abscissa 


62400(249799 
4 


44)  224 
176 


489)  4800 
4401 


4987)  39900 
34909 


The  square  root  of  the  differences  of  the 
squares  of  the  radius  and  the  abscissa  bebg 
now  found  to  be       .     .     .     249'799 
subtract 229-128 

and  the  remainder  .     .     .       20-671 
is  the  ordinate  required. 


49949)  499100 
449541 


499589)  4955900 
4496301 


4.VJ599 


Upon  the  principles  of  these  calculations  the  largest  circles  may  be  drawn,  by  calculating  a  suffi- 
cient number  of  ordinates. 


EXAMPLE. 


Let  it  be  required  to  construct  a  segment  of  a  circle  of  which  the  chord  is  200  feet,  and  the 
radius  of  the  arc  250  feet. 

The  method  of  doing  this  is  to  find  a  sufficient  number  of  points  in  the  curve  not  exceeding  the 
length  of  an  ordinary  board  ;  say  12  feet.  We  may  now  calculate  the  ordinates  for  one-half  of  the 
curve  at  10  feet  distance  from  each  other,  in  order  that  a  twelve  feet  board  may  reach  between  any 
two  adjacent  points :  this  board  must  be  curved  on  one  of  its  edges  to  the  arc  of  the  circle  required ; 
then  the  curved  edge,  with  its  concavity  towards  the  centre,  being  successively  applied  to  every  two 
adjacent  points,  and  the  curve  drawn  between  them  at  every  application  to  the  surface,  the  entire 
arc  will  be  described.  The  versed  sine  of  the  arc  on  the  edge  of  the  board  will  be  found  by  Problem 
ii.,  and  this  arc  being  within  reach,  it  may  be  described  by  Problem  Ivii.,  Practical  Geometry. 

Here  follows  the  calculation  of  the  ordinates,  10  feet  distant  from  each  other,  the  middle  one 
being  at  the  head  of  the  column,  and  the  others  in  succession  towards  one  of  the  extremities  of  the 
chord. 
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Feet 

20-872  versed  sine 
20-671  first  ordinate 
20'070  second  ordinate 
19-065  third  ordinate 
17'597  fourth  ordinate 
15-821  fifth  ordinate 
13-511  sixth  ordinate 
10-871  seventh  ordinate 
7'672  eighth  ordinate 
4-056  ninth  ordinate 


In  the  first  place,  the  versed  sine  of  the  arc  must  be  found,  by  Problem 
II.,  the  operation  being  performed  in  Ex.  3,  p.  297  ;  the  result,  20-872 
.  feet,  is  the  versed  sine,  which  subtracted  from  the  radius  gives  229-128, 
the  distance  between  the  centre  and  the  chord  ;  and  having  this  distance 
between  the  centre  of  the  circle  and  the  middle  of  the  chord,  and  the  radius 
of  the  circle,  and  the  length  of  the  chord,  any  ordinate  is  found  by  Problem 
iv.  The  calculation  of  the  first  ordinate  at  10  feet  distant  from  the  middle 
of  the  chord  is  exhibited  in  Ex.  p.  299. 


Here  follows  the  segment  drawn  according  to  this  calculation. 


AB  is  200  feet 
CD  =  20-872 
e  f  =  20-671 
g  h  —  20-070 
&c.  &c. 


Fig.  131. 
k-L    f  *>  f. 


The  following  Table  exhibits  the  versed  sines  for  the  segments  of  circles  which  have  chords  of  10 
feet  each,  from  a  radius  of  10  feet  to  110,  increasing  successively  by  unity ;  and  from  110  to  132 
feet,  increasing  successively  by  two  feet  at  a  time  ;  and  from  200  to  300  feet,  increasing  successively 
by  10  feet. 


Radius. 

Versed  sine. 

Radius. 

Versed  sine. 

Radius. 

Versed  sine. 

Radius. 

Versed  sine. 

ft- 

ft.       inches. 

ft- 

inches. 

ft- 

inches. 

ft- 

inches. 

10 

1     4-07700 

43 

3-50028 

76 

1-97592 

109 

1-37688 

11 

1     2-42520 

44 

3-42024 

77 

1-95012 

1 

12 

1     1-09548 

45 

3-34380 

78 

1-92516 

In  the  following  the 

13 
14 

1     0-00000 
0  11-07972 

46 
47 

3-27060 
3-20064 

79 
80 

1-90068 
1-87692 

difference  of  the  radii 
is  2  feet. 

15 

0  10-29444 

48 

3-13356 

81 

1-85364 

16 

0    9-61584 

49 

3-06924 

82 

1-83108 

110 

1  -3(i4(>l 

17 

0    9-02316 

50 

3-00756 

83 

1-80888 

112 

1-34004 

18 

0    8-50080 

51 

2-94828 

84 

1-78740 

1  14 

1-31652 

19 

0     8-03640 

52 

2-89140 

85 

1-76628 

116 

1  -29372 

20 

0    7-62103 

53 

2-83656 

86 

1-74576 

118 

1  OA 

1-27176 

21 

0    7-24716 

54 

2-78376 

87 

1-72632 

120 
1  OO 

1-25064 

22 

0    6-90864 

55 

2-73300 

88 

1-70604 

122 

1-23012 

23 

0    6-60072 

56 

2-68404 

89 

1-68684 

124 

1-21020 

24 

0    6-31944 

57 

2-63676 

90 

166706 

126 

1-19100 

25 

0    6-06132 

58 

2-59104 

91 

1-632 

128 

1-17240 

26 

0    5-82355 

59 

2-54700 

92 

1-630 

130 

M54 

27 

0    5-60412 

60 

2-50440 

93 

1-613 

132 

1-136 

28 
29 
30 

0    5-40060 
0    521148 
0    5-03532 

61 
62 
63 

2-46324 
2-42340 
2-38476 

94 
95 
96 

1-59696 
1-58376 
1-56360 

In  the  following  the 
difference  of  the  radii 

31 

0    4-87068 

64 

2-34744 

97 

1-54752 

is  10  feet. 

32 

0    4-71648 

65 

2-31120 

98 

1-53168 

200 

0-75000 

33 

0    4-57200 

66 

2-27604 

99 

151620 

210 

071448 

34 

0    4  43592 

67 

2-241% 

100 

1-50096 

220 

0-69196 

35 

0    4-30788 

68 

2-20896 

101 

1-48608 

230 

0-67836 

36 

0    4-18704 

69 

2-17680 

102 

1-47156 

240 

0-65016 

87 

0    4-07280 

70 

2-14560 

103 

1-45728 

1150 

0-60000 

38 

0    3-96468 

71 

2-11536 

104 

1-44324 

260 

0-56784 

39 

0    3-84220 

72 

2-08596 

105 

1-42944 

270 

0-55572 

40 

0    3-76488 

73 

2-05728 

106 

1-41600 

280 

41 

0    367236 

74 

2-02944 

107 

1-40268 

290 

42 

0    3-58448 

75 

2-00232 

108 

1-38972 

300 

0-49890 

As  the  chords  are  proportional  to  the  radii,  we  may  multiply  both  by  any  number  we  please,  and 
obtain  a  correct  result.     Thus,  were  it  required  to  find  the  versed  sine  to  a  segment  of  which  the 
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chord  is  30  feet  and  the  radius  36  feet,  we  have  only  to  multiply  the  versed  sine  in  the  table  for  a 
radius  of  12  feet,  namely  1  foot  1-09548  inches,  by  3,  and  we  obtain  3  feet  3'28644  inches,  the  versed 
sine  required.  As  the  intervals  between  the  tabular  lengths  of  the  radii  increase  by  multiplication, 
there  will  still  often  occur  cases  in  which  this  table  cannot  be  used,  and  we  must  then  resort  to  the 
mode  of  calculation  already  explained. 

PROBLEM  V. 

To  construct  the  plan  of  a  circus  or  semicircular  crescent,  or  quadrant  to  a  given  radius. 

Fig.  132. 


H 


X> 


G 


Let  ABCD  be  a  circle,  0  its  centre,  and  let  ABC  D  be  a  square  inscribed 
in  the  circle,  and  EFGH  a  square  circumscribing  the  circle. 

Now,  the  inscribed  square  ABCDis  half  the  circumscribing  square  EFGH, 
and  therefore,  OeAf,  which  is  a  fourth  part  of  the  inscribed  square,  is  the 
half  of  OAEB,  the  square  of  the  radius  ;  therefore  the  square  of  the  half 
chord  Af  is  half  the  square  of  the  radius.  Whence  the  radius  and  the  half 
chord  being  given,  the  versed  sine  f  g  will  be  found  by  Problem  ii.,  p.  296, 
and  the  segment  AgB  may  be  constructed  by  ordinates,  by  Problem  iv.,  p.  298. 

EXAMPLE. 

Let  it  be  required  to  draw  the  line  of  front  for  a  circus  of  300  feet  radius. 

Here,  by  availing  ourselves  of  the  construction  of  the  figure  and  its  properties,  the  difference  of 
the  squares  of  the  radius  and  that  of  the  half  chord  is  half  the  square  of  the  radius,  or  J(300)2  — 
45000  feet. 

The  square  root  of  45000  is  212-132  feet ;  this  subtracted  from  the  radius  300  feet,  gives  87'868 
feet  for  the  versed  sine  of  each  quadrant ;  and  212-132  is  the  distance  of  each  chord  from  the  centre 
of  the  circle ;  and  lastly,  having  the  radius  of  the  circle,  and  the  distance  of  each  chord  from  the 
centre,  we  may  find  as  many  ordinates  as  we  please  in  each  of  the  four  segments,  by  Problem  iv., 
page  298. 


CHAP.  IV.  — CURVE  LINES. 
OF  THE  ELLIPSE. 

If  in  any  plane  two  points  be  assumed,  and  if  a  slender  needle  or  pin  be  set  up  at  each  point,  so 
that  a  thread  joined  at  its  extremities  may  be  put  loosely  round  them  ;  and  if  a  pencil,  or  other 
tracing  point,  be  applied  so  as  to  stretch  the  thread  tight,  and  in  such  manner  be  carried  entirely 
round  the  pins,  a  curve  will  be  described  which  is  called  an  Ellipse.*  This  curve  is  always  of  an 

*  The  Ellipse,  Parabola,  and  Hyperbola,  as  they  result  from  particular  sections  of  the  cone,  are  frequently  termed 
"  Conic  Sections,"  and  treated  of  with  reference  to  such  origin ;  but  the  student  should  be  informed  that  these  curves 
may  all  be  traced  by  operations  which  bear  no  obvious  analogy  to  the  cone  (as  we  have  already  shown  in  the  case  of  the 
ellipse) ;  and  ae  the  useful  application  of  these  curves,  and  the  development  of  their  most  remarkable  properties,  may 
l>e  effected  without  presupposing  the  existence  of  a  cone,  we  have  thought  it  most  advisable  to  describe  them  as  gen- 
erated by  such  means  as  lead  most  readily  to  a  clear  perception  of  their  properties. 
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oblong  figure  ;  the  greatest  diameter  is  called  the  axis  major,  or  conjugate  diameter,  and  the  least 
diameter,  the  axis  minor,  or  transverse  diameter.  The  points  at  which  the  pins  are  fixed  are  called 
the  foci  of  the  ellipse,  and  the  length  of  the  ellipse  compared  with  its  breadth  will  depend  on  the 
shortness  of  the  thread ;  for  the  longer  the  thread  is,  the  more  will  the  curve  approach  the  figure 
of  a  circle,  et  vice  versa. 

The  elongation  of  an  ellipse  is  called  its  eccentricity,  and  if  one  ellipse  be  of  a  longer  or  shorter 
figure  than  another,  it  is  said  to  be  more  or  less  eccentric. 

PROBLEM  I. 
The  two  axes  Aa  and  Bb  being  given  to  find  the  foci. 

From  the  extremity  B  of  the  axis  minor,  with  the  distance  CA,  Fig.  133. 

or  Ca,  (equal  to  the  semi-axis  major,)  describe  an  arc  meeting  the  \ ! 

axis  major  Aa  in  F,  f ;  the  points  F,  fare  the  two  foci. 


DEMONSTRATION. 

As,  in  the  definition  we  have  given  of  the  ellipse,  one  portion  of  the  thread  is  constantly  stretched 
in  a  straight  line  between  the  pins  or  foci,  and  the  remaining  portion  extends  from  one/ocus  to  the 
pencil,  and  from  the  pencil  to  the  other  focus,  it  is  obvious  that  such  remaining  portion  must  always 
be  equal  to  the  axis  major  of  the  ellipse,  and  therefore  the  sum  of  two  lines  meeting  in  one  extremity 
of  the  axis  minor,  and  terminated  in  the  two  foci,  is  equal  to  the  axis  major,  and  the  distance  of  the 
foci  from  the  centre  is  the  leg  of  a  right-angled  triangle,  of  which  the  other  leg  is  the  semi-axis  minor, 
and  the  hypothenuse  the  semi-axis  major ;  therefore  the  distance  of  either  focus  from  the  semi-axis 
minor  is  equal  to  the  semi-axis  major.  See  Elements  of  Geometry,  Curve  Lines,  Prop.  ii. 

PROBLEM  II. 
Given  the  axis  major  Aa  and  the  two  foci  F,  f,  to  find  any  point  in  the  curve  of  an  ellipse. 

Between  Ff  take  any  point  g  ;  from  F  with  the  radius  Ag  describe  Fi&- 134- 

an  arc  at  M,  and  from  f,  with  the  radius  a  g,  describe  another  arc, 
meeting  the  former  at  M,  and  the  point  M  is  in  the  curve. 

F  k    6         f      * 


M. 

DEMONSTRATION. 


The  reason  of  the  method  for  finding  any  point  M  in  the  curve,  is  because  the  sum  of  the  two 
lines  drawn  from  the  foci  to  any  point  in  the  curve  is  equal  to  the  axis  major. — See  Curve  Lines, 
Elements  of  Geometry,  Proposition  i. 


SCHOLIUM. 


It  is  evident  that  not  only  the  same  radii  might  have  been  employed  in  finding  the  point  M  on  the 
other  side  of  the  axis  major,  but  that  they  might  have  been  used  in  finding  two  other  points  at  the 
same  distance  from  the  centre  ;  so  that  by  the  two  distances  Ag,  g  a,  four  points  in  the  curve  might 
have  been  found. 
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PROBLEM  III. 


Given  the  two  axes  Aa,  Bb,  of  an  ellipse,  to  find  any  point  in  the  curve. 


M 


.  136. 


METHOD  1. 

Make  Ch  equal  to  CA.  In  Ca  take  any  point  d,  so  that  Cd  may  be 
less  than  Bh.  From  d,  with  the  radius  Bh,  describe  an  arc  meeting 
BC  in  e.  Produce  d  e  to  M,  and  make  eM  equal  to  CA,  or  dM  equal 
to  BC,  and  the  point  M  will  be  in  the  curve. 


DEMONSTRATION. 

For  upon  Bb  describe  the  semicircle  BRb ;  through  the  point  M 
draw  PR  parallel  to  CA,  meeting  Bb  in  P,  and  join  RC. 

Then,  because  d  e  is  equal  to  the  difference  of  the  two  semi-axes, 
and  eM  equal  to  CA  the  lesser  axis,  dM  is  equal  to  BC  the  greater ; 
and  therefore  dM  is  equal  to  CR. 


Now,  by  similar  triangles,  PRC,  PMe,         -      -      -      PR  x  Me  =  RC  X  PM ; 

and  since       --  RC  =  BC, 

and         Me  =  AC ; 

therefore,  by  eliminating  RC,  Me,  there  will  result  PR  X  AC  =  BC  X  PM ;  wherefore  PR  :  PM 
:  :  BC  :  AC  ;  and  (Prop.  vi.  Curve  Lines,  Elements  of  Geometry)  the  curve  is  an  ellipse. 

Upon  this  principle  an  instrument  may  be  made  to  describe  the  curve  by  continued  motion ;  for  if 
dM  be  conceived  to  be  an  inflexible  line,  and  the  points  d,  e,  M  as  fixed  in  this  line,  supposing  the 
point  e  to  be  compelled  to  move  in  the  line  Bb,  and  the  point  d  in  Aa,  and  the  point  M  to  be 
moved  from  B  to  A ;  then  the  point  M  will  describe  the  curve  BAba  of  the  ellipse. 

This  instrument  may  be  constructed  by  making  grooves  in  the  plane  of  description  instead  of 
the  lines  Aa,  Bb,  of  the  position  of  the  axis ;  and  instead  of  the  inflexible  line  deM,  using  a  rod 
with  three  projecting  cylindrical  pins,  which  must  have  their  diameters  equal  to  the  breadth  of  the 
grooves,  so  that,  when  the  pins  are  inserted  in  the  grooves,  their  axes  may  be  perpendicular  to  the 
plane  of  description,  and  their  lower  ends  in  a  straight  line,  and  at  the  same  respective  distances 
from  each  other  that  the  points  d,  e,  M  are. 

Such  an  instrument  is  called  a  trammel,  and  is  generally  made  of  two  rectangular  bars,  with  a 
groove  in  each,  so  fixed  together,  that  when  laid  on  the  plane  of  description,  the  grooves  may  be 
at  right  angles  to  each  other,  the  bottom  of  each  groove  parallel  to  the  plane  of  description,  and 
their  other  two  sides  perpendicular  to  it,  and  that  the  upper  surface  from  which  the  groove  recedes 
may  be  a  plane  parallel  to  the  plane  of  description.  The  rod  may  be  contrived  with  two  moveable 
pieces  called  nuts,  with  one  of  the  cylindrical  pins  fixed  in  each  nut,  and  a  pencil  fixed  at  the  remote 
extremity,  so  that  the  ends  of  the  pins  may  be  at  the  same  distance  from  the  under  edge  of  the  rod : 
but  the  pencil  must  be  of  sufficient  length  to  reach  the  plane  of  description.  Carpenters  construct 
their  trammels  of  wood ;  but  the  transverse  piece  is  generally  made  entirely  upon  one  side  of  the 
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other,  so  as  to  describe  a  semi-ellipse  at  a  time,  as  they  are  mostly  employed  in  drawing  elliptic 
arches,  or  portions  of  ellipses  not  exceeding  half  the  entire  curve.  It  is  by  a  contrivance  on  this 
principle  that  elliptic  turning  is  performed. 

PROBLEM  IV. 

Given  the  two  axes  in  position,  the  vertex  A  of  the  one,  and  another  point  M  in  the  curve,  to  find  the 

limits  of  the  other  axis. 


Fig.  137,  No.  1. 

A 

—rlit 


From  M,  with  the  radius  AC  of  the  semi-axis  given,  describe  an  arc  meet- 
ing the  other  unlimited  axis  at  e,  and  let  d  be  the  point  where  Me  either 
meets  the  axis  Aa  between  the  points  M,  e,  as  in  No.  1,  or,  being  produced, 
meets  it  beyond  e,  as  in  No.  2.  Make  CB,  Cb  each  equal  to  dM,  and  Bb 
is  the  other  axis,  whether  major  or  minor. 


Aa  is  the  axis  major  when  the  point  d  falls  between  the  centre  and  Fig.  137,  No.  2. 

one  extremity  A;  but  if  it  fall  beyond  C,  it  is  the  axis  minor. 

This  is  too  evident  to  require  a  demonstration. 

Cor.  1.  Hence,  since  d  e  is  the  difference  of  the  semi-axes,  any 
point  in  the  curve  may  be  found  without  finding  the  other  axis. 

For  taking  the  point  d  at  pleasure,  so  that  the  distance  Cd  may 
be  less  than  the  given  difference,  from  the  point  d  as  a  centre,  with 

a  radius  equal  to  the  same  difference,  describe  an  arc  meeting  Bb  at  e,  and  produce  d  e  to  M,  and 
make  eM  equal  to  AC ;  then  M  will  be  a  point  in  the  curve. 


PROBLEM  V. 

Upon  a  given  straight  line  a  a  as  an  axis,  to  find  any  point  in  the  curve,  the  length  of  the  other  axis 

or  semi-axis  being  known. 


Draw  the  straight  line  AA  equal  in  length  to  the  other  axis,  which 
is  only  given  in  length  and  not  in  position.  Upon  a  a,  as  a  diameter, 
describe  the  semicircle  a  m  b  a.  Bisect  AA  in  C  and  a  a  in  c. 
Divide  CA  in  P  and  c  a  in  P,  so  that  CA  :  CP  :  :  c  a  :  cP.  Draw 
CB  and  PM  perpendicular  to  AA,  also  c  b  and  Pm  perpendicular  to 
a  a.  Make  CB  equal  to  c  b,  and  PM  equal  to  Pm,  and  M  is  a  point 
in  the  curve  answering  to  the  axis  A  A  and  the  semi-axis  CB. 


Fig.  138. 
L 


P      C 
B 


DEMONSTRATION. 


and  cP  =  v. 

-     v*  =  V  — 


Let  CA  =  a,  CB  =  c  a  =  c  b •  =  6,  PM  =  Pm  =  y,  CP  = 
By  the  right-angled  triangle  cPm  (Th.  xxxv.  Geom.)     - 

and  by  construction,  a  :  *  :  :  6  :  v 62«2=a2u3 

wherefore,  eliminating  o  from  these  two  equations,  there  will  result  a2  (62  —  j/2),  which  is  an  equa- 
tion to  the  ellipse. 
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It  makes  no  difference  to  the  demonstration  whether  it  be  the  axis  major  or  minor  that  is  given  in 
position. 

PROBLEM  VI. 

To  trace  or  draw  the  curve  of  an  ellipse,  or  that  of  any  other  figure,  through  points  given  or  found 

in  the  curve. 

METHOD  1. 

Join  two  adjacent  points  by  an  arc  drawn  by  the  eye ;  join  one  extremity  of  this  arc  to  the  next 
point,  in  the  same  manner ;  and  the  last  extremity  to  the  next  point  in  succession  by  another  arc, 
and  so  on  till  the  two  ends  of  the  line  meet,  or  form  one  continued  line  of  the  required  length :  the 
curve  thus  drawn  will  be  the  more  accurate  as  the  perception  of  the  eye  is  quick  in  its  judgment  of 
the  figure,  and  the  hand  that  draws  it  steady.  The  greater  the  number  of  points,  and  the  nearer 
the  points  are  at  equal  distances,  the  easier  will  the  curve  be  drawn. 

METHOD  2. 

Put  in  pins  in  all  the  points,  and  bend  a  flexible  elastic  slip  of  wood  or  metal  round  the  convex 
side,  or  outside  the  pins ;  then,  when  the  side  of  the  slip  comes  in  contact  with  every  pin,  draw  a 
curve  on  the  inner  or  concave  side ;  and  if  the  slip  is  not  of  sufficient  length,  repeat  the  operation  as 
often  as  may  be  found  necessary,  till  the  curve  forms  one  continued  line,  or  an  arc  of  the  length 
intended.* 

PROBLEM  VII. 

Given  two  diameters  to  find  any  point  in  the  curve. 

+ 

From  the  vertex  A  of  the  semidiameter  AC,  draw  AL  perpendicular 
to  the  semiconjugate  BC,  cutting  it  in  D.  Make  AL  equal  to  BC, 
and  join  CL.  From  any  point  G  in  CL  with  a  radius  DL  describe  an 
arc  meeting  BC  in  I ;  join  GI,  and  produce  it  to  M.  Make  GM 
equal  to  LA  ;  then  will  M  be  a  point  in  the  curve. 

DEMONSTRATION. 

For  join  PG.  Let  GP  =  v,  and  because  AL  =  BC  =  MG  by  construction,  and  BC  =  b  by 
notation,  BC  =  AL  =  MG  =  6. 

Because  of  the  right-angled  triangle  MPG, «2  =  62  —  y* 

and  of  the  similar  triangles  C  AL,  CPG,  •  -7  ;  62  a?  =  a2  e2  ; 

wherefore,  eliminating  v,  there  will  arise  6s  a?  =  a*  (5s  —  ^),  which  is  the  equation  of  the  co- 
ordinates of  the  ellipse. 

*  A  very  useful  instrument  is  formed  by  fitting  an  elastic  ruler  of  wood  or  metal,  so  that  it  may  be  bent  by  screws 
to  any  requisite  degree,  and  thus  adapted  to  every  degree  of  curvature.  Shipbuilders  are  in  the  habit  of  using  a  great 
variety  of  curved  pieces  of  wood  cut  to  circular  arcs  of  different  radii,  and  other  curves,  and  the  piece  nearest  to  any 
particular  curve  is  chosen  from  among  them. 
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SCHOLIUM. 

Upon  this  principle  the  curve  may  be  described  by  the  continued  motion  of  a  point.  For  suppose 
GIM  to  be  an  inflexible  line,  or  the  straight  edge  of  a  ruler,  and  G,  I,  M  to  be  fixed  points  in  it: 
then,  suppose  the  point  M  to  be  moved,  so  that  the  point  I  may  be  always  in  the  line  Bb,  and  the 
point  G  in  the  line  LC,  the  point  M  will  describe  the  curve  of  the  ellipse,  or  as  much  of  it  as  may 
be  found  necessary. 

A  machine  so  constructed  is  called  an  oblique  trammel. 

PROBLEM  VIII 

Given  any  two  diameters  Aa,  Bb,  to  find  the  two  points  where  a  line  drawn  through  the  centre  in  a  given 

position  meets  the  curve. 


iK.  140. 


Through  the  vertex  A  of  the  given  diameter  Aa,  draw  FA 
parallel  to  the  other  given  diameter  Bb,  and  draw  AG  perpen- 
dicular to  AF.  Make  AG  equal  to  BC.  From  G,  with  the 
radius  GA,  describe  the  arc  AH.  Draw  FG  meeting  the  arc 
AH  in  H.  Join  GC,  and  draw  HM  parallel  to  GC,  meeting 
Fm  in  M.  Make  Cm  equal  to  CM,  and  M,  m  are  the  points 
required. 


DEMONSTRATION. 

If  Mm  is  a  diameter,  the  point  M  is  in  the  curve.  To  prove  this,  draw  MP  and  HI  parallel  to 
BC ;  MP  meeting  CA  in  P,  and  HI.meeting  AG  in  I;  draw  LH  parallel  to  CM,  meeting  CG  in 
L,  and  join  PI. 

Let  CF  =  m,  CM  =  LH  =  n,  GF  =  p,  GH  =  q,  CA  =  a,  CP  =  x,  HG  =  AG  =  CB  =  6, 
GI  =  «,  and  IH  =  PM  =  y. 

fPCM,      ACF  ,#  #-#  4 

By  similar  triangles  -4  IGH,      AGF  -      -      -      -        tf  <f  —  p*  02 

l^LHG,     CFG  jftf-^f 

and  by  the  right-angled  triangle  GIH        --  c2  =  62 u2 

Whence,  eliminating  m,  n,  p,  q,  v,  we  have  b3  a?  =  a2  (62  —  j/2),  which  is  the  equation  of  the 
co-ordinates  of  an  ellipse. 


EXPLANATION  OF  THE  PLATES  OF  CURVE  LINES. 

[Plates  CXIII.  and  CXIV.] 

Plate  CXIII. — Ellipse,  exhibiting  examples  of  the  various  methods  of  describing  the  curve  by 
points  and  by  continued  motion. 

Ex.  1. — In  Fig.  1,  the  axes  Aa,  Bb,  are  given  to  describe  the  curve. 

Find  the  foci  F,  f;  by  Prob.  i. ;  taking  the  points  g,  h,  i,  k,  &c.  at  pleasure,  between  F,  f,  by 
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Frob.  ii.  find  the  points  in  the  curve,  viz. — m,  m  from  g,  m',  in'  from  h,  m",  m"  from  i,   &c.  and 
through  all  the  points  m,  m',  m",  &c.  draw  the  curve,  by  Prob.  vi. 

Ex.  2. — In  Fig.  2,  the  axes  are  given  to  describe  the  curve  without  the  foci. 

Here,  on  the  edge  of  an  ivory  rule  or  thick  slip  of  paper,  mark  the  distance  of  the  points  m,  o, 
equal  to  the  semi-axis  major,  and  the  distance  of  the  points  m,  n  equal  to  the  semi-axis  minor. 
Place  the  point  n  in  the  axis  major  Aa,  and  the  remote  point  o  in  the  line  Bb  of  the  axis  minor; 
then  make  a  mark  at  m,  and  m  is  a  point  in  the  curve.  Having,  in  this  manner,  found  a  sufficient 
number  of  points,  draw  the  curve  by  Problem  vi. 

Ex.  3. — Fig.  3  exhibits  the  drawing  or  tracing  the  curve  of  an  ellipse  by  means  of  the  trammel 
described  in  Prob.  iii.  Having  set  the  distance  TO  n  from  the  pencil  to  the  first  sliding  point  equal 
to  CB  the  semi-axis  minor,  and  m  o  equal  to  the  semi-axis  major;  then  the  sliding  points  being  in 
the  grooves,  move  the  end  R,  and  the  pencil  at  m  will  describe  the  curve. 

Ex.  4. — Fig.  4  and  5  exhibit  the  method  of  drawing  the  curve  when  the  semi-axis  CA  and  an 
ordinate  PM  or  Pm  is  given.  Having  drawn  the  unlimited  axis  Bb  in  its  right-angled  position  to 
AC,  and  having,  on  the  edge  of  an  ivory  rule  or  slip  of  thick  paper,  made  the  distance  m  o  equal 
to  the  given  axis  AC,  place  the  point  m  on  the  edge  of  the  rule  upon  the  given  point  m  in  the  curve, 
and  move  the  end  Q,  so  that  the  point  o  in  the  edge  of  the  rule  may  fall  on  the  unlimited  axis  Bb. 
Mark  the  point  n  on  the  edge  of  the  rule  where  it  meets  the  line  Aa  of  the  given  axis ;  then  any 
point  in  the  curve  will  be  found,  as  in  Example  2,  Fig.  2. 

Ex,  5. — Fig.  6  exhibits  th  method  of  describing  a  semi-ellipse  upon  a  given  axis  Aa,  according 
to  the  principle  in  Problem  v.  Draw  any  angle  AC II,  No.  3.  Make  CA  equal  to  the  semi-axis 
CA,  No.  1,  and  CH  equal  to  the  other  semi-axis  which  is  only  given  in  length.  In  CA  take  any 
number  of  points  P,  P',  P*,  &c.  Join  AH,  and  draw  the  lines  Pp,  P  p,  P" p,  &c.  parallel  to  AH, 
meeting  CH  in  the  points  p,  p,  p.  In  the  semi-axis  Ca,  No.  1,  make  CP,  CP',  CP",  &c.  respectively 
equal  to  CP,  CP,  CP",  &c.  No.  3.  At  any  convenient  place  No.  2,  draw  the  straight  line  GH. 
From  any  point  c  in  GH,  with  the  radius  cH,  No.  3,  describe  the  semicircle  GBH.  Make  c  p,  c  p', 
c  p*,  &c.  respectively  equal  to  Cp,  Cp,  Cp,  &c.  No.  3.  In  No.  1,  dcaw  the  straight  lines  CB,  PM, 
PM',  &c.  perpendicular  to  Aa;  and  in  No.  2,  draw  CB,  Pm,  Pm',  &c.  perpendicular  to  GH,  meeting 
the  circular  arc  at  B,  m,  ml,  &c.  In  No.  1,  make  CB,  PM,  P'M,  &c.  respectively  equal  to  CB,  Pm, 
Pm',  &c.  in  No.  2,  and  the  points  B,  M,  M',  &c.  will  be  in  the  curve,  by  Prob.  v.  The  curve  itself 
is  drawn  by  Prob.  vi. 

Fig.  7  exhibits  the  application  of  the  oblique  trammel  for  describing  an  ellipse,  of  which  the  two 
diameters  Aa,  Bb  are  given  in  position  and  magnitude. 

From  the  vertex  B  of  the  minor  or  less  diameter,  draw  BD  perpendicular  to  the  greater  Aa,  cut- 
ting it  in  E.  Make  BD  equal  to  AC,  and  join  CD:  then  the  moving  points  of  the  trammel  rod 
being  set  to  the  distances  BE  and  BD,  the  curve  may  be  described  as  shown,  the  grooves  of  the 
trammel  being  in  the  lines  Aa,  CD. — See  the  principle,  Prob.  vii. 

Fig.  8  is  an  example  of  the  application  of  Prob.  viii.  to  finding  the  points  where  a  line  drawn 
through  the  centre  in  a  given  position  meets  the  curve  from  the  diameters  Aa,  Bb  given  in  position 
and  magnitude.  Through  B,  draw  FG  parallel  to  Aa,  and  draw  BE  perpendicular  to  FG,  and 
make  BE  equal  to  AC.  From  E,  with  the  radius  EB,  describe  the  arc  HBI.  Produce  mM  to  F, 
and  join  FE,  meeting  the  arc  HBI  at  H.  Join  CE,  and  draw  MH  parallel  to  CE;  make  Cm 
equal  to  CM,  and  the  points  M,  m  are  the  vertices  of  the  diameter  Mm ;  so  that  the  position  of  three 
diameters  being  given,  of  which  two  are  conjugate  to  each  other,  and  of  a  given  magnitude,  the 
vertices  of  the  third  will  be  found. 
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In  this  manner  we  may  find  the  extremities  of  as  many  unlimited  diameters  given  in  position  as 
we  please,  and  a  curve  being  drawn  through  their  vertices  will  form  the  ellipse. 

PROBLEM  IX. 
An  ellipse  being  given,  to  describe  a  concentric  ellipse  through  a  given  point  in  one  of  the  semi-axes. 

Join  AB  in  Fig.  1,  (Plate  CXIV.  Curve  Lines,)  the  two  extremities  of  the  semi-axes  CA,  CB, 
and  through  the  given  point  E  in  CA  draw  ED  parallel  to  AB,  meeting  CB  in  D;  then  with  the 
semi-axes  CE,  CD,  by  Prob.  iii.  find  a  sufficient  number  of  points,  and  trace  the  curve  through 
them,  by  Prob.  vi. 

PROBLEM  X. 

To  describe  an  ellipse  about  a  rectangle  so  that  the  axes  of  the  ellipse  may  have  the  same  ratio  as  the 

sides  of  the  rectangle. 

Let  GHIK,  Fig.  2,  be  the  rectangle.  Draw  the  straight  lines  Aa,  Bb,  bisecting  each  other  at 
C,  and  the  sides  of  the  rectangle  at  E,  e,  D,  and  d.  In  Bb  make  DP  equal  to  DK,  and  draw  PK 
cutting  Aa  at  N.  Make  CB,  Cb  each  equal  to  NK,  and  CA,  Ca  each  equal  to  PK;  then  describe 
an  ellipse  upon  the  axes  Aa,  Bb,  which  will  circumscribe  the  rectangle  GHIK,  and  the  axes  of  the 
ellipse  will  have  the  same  ratio  as  the  sides  of  the  rectangle. 

DEMONSTRATION. 

Draw  PQ  parallel  to  Aa,  meeting  the  side  KI  of  the  rectangle  in  Q. 

Let  CA  =  PK  =  a,  CB  =  KN  =  6,  KQ  =  DP  =  CE  =  p,  and  eK  =  CD  =  q. 

By  similar  triangles  QKP,  eKN,  -    b  p  =  a  q 

therefore  a  :  b  :  :  p  :  q.  or  CA  :  CB  :  :  CE  :  CD. 

PROBLEM  XI. 
The  curve  ADGaHE  of  an  ellipse  being  given,  to  Jind  the  centre. 

Draw  any  two  parallel  lines  DE,  GH  (Fig.  3)  to  meet  the  curve  in  E,  D,  H,  G.  Bisect  the  lines 
DE  and  GH,  and  through  the  points  of  bisection  draw  Aa,  meeting  the  curve  in  the  points  A,  a; 
bisect  Aa  in  C,  which  is  the  centre  required. 

PROBLEM  XII. 

•0 ' 

Given  the  ellipse  ABab  (Fig.  4),  to  find  the  axes  in  position  and  magnitude. 

From  the  centre  C,  found  by  Prob.  xi.  describe  a  circle  meeting  a  curve  in  D,  E,  F,  G.  Join 
DG.  Bisect  DG,  and  through  the  point  of  bisection  and  the  centre  draw  Aa,  meeting  the  curve  in 
A,  a :  through  C  draw  Bb  perpendicular  to  Aa,  meeting  the  curve  in  Bb ;  then  Aa,  Bb  are  the  two 
axes  as  required. 

PROBLEM  XIII. 
An  ellipse  mAM  (Fig.  5)  and  a  tangent  Tt  being  given,  to  And  the  point  of  contact. 

Draw  Mm  parallel  to  Tt,  meeting  the  curve  in  M,  m.  Bisect  Mm  in  P,  and  draw  AC  through 
P  to  the  centre  C,  and  A  is  the  point  of  contact. 
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PROBLEM  XIV. 

An  ellipse  m  AM  (Fig.  6)  being  given,  to  draw  a  tangent  through  a  given  point  A  in  the  curve  without 

having  any  diameter  or  foci. 

Find  the  centre  C,  and  draw  CA;  from  C  with  any  radius  describe  a  circle  within  the  curve  of 
the  ellipse.  Draw  LM  and  Kin  parallel  to  AC,  tangents  to  the  circle,  and  meeting  the  ellipse  in 
M,  in  :  join  Mm,  and  through  A  draw  Tt  parallel  to  Mm,  and  T  is  the  tangent  required. 

PROBLEM  XV. 

Given  an  ellipse  ABab  (Fig.  7)  and  the  two  axes  Aa,  Bb,  to  draw  a  perpendicular  through  a  given 

point  M  in  the  curve. 

Find  the  foci  F,  f,  by  Prob.  i.  Through  M  draw  FH  and  fG,  and  draw  MN  bisecting  the  angle 
HMG,  and  MN  is  perpendicular  to  the  curve. 

Upon  this  principle  a  trammel  may  be  made  to  draw  the  joints  of  the  voussoirs  of  any  elliptic 
arch,  as  exhibited  in  Fig.  8. 

PROBLEM  XVI. 

An  ellipse  AMa  (Fig.  9)  and  the  foci  F,  f  being  given,  to  draw  a  tangent  through  a  given  point  M 

in  the  curve. 

Draw  FM,  fM,  and  produce  FM  to  H.  Draw  QT  bisecting  the  angle  fMH,  and  QT  will  be  a 
tangent  to  the  curve  at  M. 

PROBLEM  XVII. 

An  ellipse  ABab  (Fig.  10)  and  the  axes  Aa,  Bb  being  given,  to  draw  a  tangent  through  a  given  point 
M  in  the  curve  without  knowing  the  position  of  the  foci. 

Join  AM,  and  bisect  AM  in  d.  Through  d  draw  CQ,  and  draw  AQ  parallel  to  CB.  Draw  QR 
through  M,  and  QR  is  the  tangent  required. 

Or, 

Join  Ma,  and  bisect  Ma  in  e.  Through  e  draw  CR,  and  draw  aR  parallel  to  CB.  Draw  QR 
through  M,  and  QR  is  the  tangent  required. 

PROBLEM  XVIII. 

Given  three  straight  lines  passing  through  the  centre  in  position,  of  which  two  are  conjugate  diameters,* 
to  find  a  conjugate  diameter  to  the  third  straight  line. 

Let  Aa,  Bb  (Fig.  11)  be  the  two  conjugate  diameters:  it  is  required  to  find  a  conjugate  diameter 
to  the  third  straight  line  Fm. 

Through  B  draw  FG  parallel  to  Aa.  Draw  BE  perpendicular  to  FG,  and  make  BE  equal  to 
CA.  Join  EF,  and  draw  EG  perpendicular  to  EF.  Draw  Gn  through  the  centre  C.  From  E, 
with  the  radius  EB,  describe  the  arc  KBL,  meeting  EF  at  K,  and  EG  at  L.  Join  EC.  Draw 
KM  and  LN  parallel  to  EC,  meeting  Fm  and  Gn  in  M  and  N.  Make  Cm  equal  to  CM,  and  Cn 

*   See  definition  8,  Elements  of  Geometry,  Curve  Lines. 
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equal  to  CN ;  then,  if  an  ellipse  be  described  through  the  points  AMBNa  m  b  n,  Mm  and  Nn  will 
be  two  conjugates  as  well  as  A  a,  Bb.  * 

PROBLEM  XIX. 
Given  two  conjugate  diameters  Aa,  Bb  (Fig.  12),  to  find  the  two  axes. 

Through  B  draw  FG  parallel  to  Aa.  Make  BE  equal  to  CA,  and  join  EC.  Bisect  EC  by  the 
perpendicular  QR,  meeting  FG  at  s.  From  s,  with  the  distance  sE,  describe  the  semicircle  FEG. 
Join  FE  and  GE ;  also  join  FC  and  GC,  and  produce  FC  to  m,  and  GC  to  n.  From  E,  with  the 
radius  EB,  describe  the  arc  KBL,  meeting  FE  and  GE  at  K  and  L.  Draw  KM  and  LN  parallel 
to  EC,  meeting  Fm  at  M,  and  Gn  at  N.  Make  Cm  equal  to  CM,  and  Cn  equal  to  CN;  then  Mm 
and  Nn  are  the  axes. 

DEMONSTRATION. 

Because  Qs  is  perpendicular  to  EC,  the  distances  sE,  sF,  sG,  sC  are  all  equal ;  therefore  the 
angle  FCG  is  a  right  angle  as  well  as  FEG:  but,  because  FEG  is  a  right  angle,  Mm  and  Nn  are 
conjugate  diameters,  by  the  preceding  Problem ;  but  when  two  conjugate  diameters  are  at  right 
angles  to  each  other,  such  two  conjugate  diameters  are  the  axes. 

OF  THE  HYPERBOLA. 

The  hyperbola  is  the  curve  of  the  section  of  a  cone  when  cut  by  a  plane  inclined  to  the  base  at  a 
greater  angle  than  the  lines  forming  the  sides  of  the  cone.  Thus,  if  a  cone  stand  on  a  table,  and  be 
cut  by  a  plane  perpendicular  to  the  table,  or  inclined  to  it  at  any  angle  between  the  perpendicular 
and  the  angle  of  either  side  of  the  cone,  the  section  produced  will  be  an  hyperbola. 

From  the  position  of  the  plane,  it  is  evident  that  the  hyperbola  cannot  return  into  itself,  or  form 
a  complete  curve,  like  the  ellipse ;  because,  if  the  cone  were  infinitely  extended  downwards,  and  the 
dividing  plane  likewise  produced,  it  could  never  reach  the  opposite  side  of  the  cone,  or  leave  it, 
otherwise  than  by  cutting  the  base,  and  joining  the  sides  of  the  curve  by  a  straight  line. 

The  hyperbola,  therefore,  is  a  curve  which  may  be  produced  indefinitely,  and  is  always  considered 
as  capable  of  such  extension,  unless  limited  by  particular  circumstances. 

If  a  second  cone  be  placed  with  its  point  downwards  on  the  point  of  the  first  cone,  the  dividing 
plane  may  be  made  to  pass  through  both  cones,  thus  making  two  equal  and  similar  sections,  which 
are  termed  opposite  hyperbolas,  and  many  important  considerations  are  suggested  by  the  position  of 
these  opposite  sections. 

As  the  sides  of  the  hyperbola  are  capable  of  indefinite  extension,  so  they  become  gradually  less 
curved  as  they  are  extended,  and  the  curve  is  of  such  a  nature  that  straight  lines  may  be  drawn 
from  the  centre,  between  the  vertices  of  the  two  opposite  curves,  which  shall  continually  approach 
the  sides  of  the  hyperbolas,  and  yet,  if  infinitely  produced,  can  never  touch  them.  Such  straight 
lines  are  called  asymptotes. 

*  DEMONSTRATION. 

As  FEG  is  a  right-angled  triangle,  FB  X  BG  =  BE^:  but  BE  =  AC,  and  it  is  shown  in  Prop.  xvii.  Elements  of 
Geometry,  Curve  Lines,  that,  if  FB  X  BG  =  AC2,  then  two  lines  drawn  from  F  and  G  through  the  centre  will  be 
conjugate  diameters. 

It  is  also  proved  by  Prop.  xii.  Elements  of  Geometry,  Curve  Lines,  that  the  points  M,  and  N,  are  the  terminations  of 
tuch  conjugate  diameters,  and  are  therefore  points  in  the  curve. 
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PROBLEM  XIX. 

Given  the  asymptotes  QR,  UV,  and  a  point  M  in  one  of  the  opposite  curves,  to  find  any  point  in  the 

other  opposite  curve. 


Draw  Mm  meeting  UV  in  k,  and  QR  in  1.  Make 
1  m  equal  to  kM,  and  m  will  be  a  point  in  the  curve. 

Hence,  from  the  same  point  M  we  may  find  as  many 
points  in  the  curve  contained  within  the  angle  QCU  as 
we  please. 

In  this  manner,  Fig.  1,  Plate  I.  Curve  Lines,  Hyperbola, 
is  constructed ;  all  the  points  being  found  from  the  same 
point  a  in  the  opposite  curve. 


Fig.  Hi. 


DEMONSTRATION. 


Let  M  and  N  be  two  points  in  the  same  branch  of 
the  curve.  Draw  Mg,  Nh  parallel  to  each  other, 
meeting  QR  in  the  two  points  d,  k,  and  UV  in  the 
two  points  1,  e,  and  the  opposite  curve  in  the  two  points 
h,  g.  Bisect  k  1  in  0.  Through  the  two  points  0, 
C  draw  Bb,  and  through  the  two  points  M,  N  draw 
the  straight  lines  Rr,  Ss  parallel  to  Bb,  meeting  QR 
in  the  two  points  R,  S,  and  UV  in  the  two  points  r, 
s,  and  the  curve  in  the  two  points  m,  n. 


Fig.  142. 


„ 
By 


..      .      rRMd,  SNk,   ...........     Nk  x  RM  = 

triangles  1 

\  rMe,   sNI,    ...........     NI   x   rM  = 


and  by  Prop.  xxxv.  Elements  of  Geometry,  Curve  Lines, 
wherefore,  eliminating  RM,  SN,  Mr,  Ns, 
In  the  same  manner, 


Md  x 

Me  x   s  N 
SN  X   Ns  =  RM  X   Mr 


Nk   x  NI  = 

hlxhk= 


Md  X    Me 
gex     gd 


hence Nk  x  NI  =  hi    x     hk 

(        Nk  x  NI  =  ON2  —  Ok" 

and  since  kl  u,  bxsected  in  0  { Oh»_OP=hl     X    hk 

and  since  it  has  been  shown  that hk  X    hi   =  Nk    X    NI 

therefore,  eliminating  Nk,  NI,  hk,  hi,  and  we  shall  have  Oh»  —  01s  =  ON8  —  Ok8 ;  and  since  Ok  = 
Ol,  therefore  Oh  =  ON. 
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PROBLEM  XX. 
Given  the  transverse  axis  Aa  of  an  hyperbola,  and  any  point  M  in  the  curve,  to  find  the  conjugate  axis. 

Bisect  aA  in  C.  Through  the  centre  C,  draw  FG  perpendicular 
to  Aa,  and  through  the  vertex  A  draw  HI  parallel  to  FG,  and  draw 
Me  parallel  to  Aa,  meeting  FG  in  e.  From  e,  with  the  distance 
eM,  describe  an  arc,  cutting  HI  in  k.  Join  ek,  meeting  CA  in  d, 
or,  if  necessary,  as  in  No.  2,  produce  ek  to  meet  CA  in  d ;  then 
Cd  is  the  magnitude  or  length  of  the  semi-conjugate  axis  :  there- 
fore, make  CB  and  Cb  each  equal  to  CD,  and  Bb  is  the  conjugate 
axis. 

In  No.  1,  the  conjugate  axis  is  less  than  the  transverse  axis,  and 
in  No.  2,  it  is  greater  than  the  transverse  axis. 


Fig.  145,  No.  1. 

i 
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If  the  point  k  coincide  with  A,  both  the  axes  are  equal,  and 
the  hyperbolas  to  which  they  belong  are  termed  equilateral. 

The  reason  of  this  method  of  finding  the  conjugate  axis  will 
be  understood  from  the  demonstration  given  at  the  end  of  Problem 
xxiii.,  in  this  section. 


M 


Fig.  143,  No.  2. 


H- 


PROBLEM  XXI. 
Given  the  transverse  axis  Aa,  and  the  conjugate  axis  Bb,  of  an  hyperbola,  to  find  the  fact. 


In  the  line  of  the  transverse  axis,  make  CF,  Cf,  each  equal  to  AB  or  Ab  ; 
then  F  and  f  are  the  foci. 


Fig.  144. 
f 


Bk- 
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PROBLEM  XXII. 
Given  the  transverse  axis  of  an  hyperbola  in  position,  and  the  length  of  both  axes,  to  find  the  asymptotes. 


Through  A,  the  vertex,  draw  HI  perpendicular  to  the  transverse,  axis  Aa, 
and  make  AH,  A  I,  each  equal  to  the  semi-conjugate  axis.  Through  the 
points  C,  I,  draw  PQ,  and  through  the  points  C  and  H  draw  RS  ;  the  straight 
lines  PQ,  RS,  are  the  asymptotes. 


Fig.  145. 


\ 
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PROBLEM  XXIII. 


Given  the  transverse  axis  Aa  of  an  hyperbola  in  position  and  magnitude,  and  the  magnitude  of  the  conju- 
gate axis,  to  find  any  point  in  the  curve. 

[Plate  CXV.-\ 


Bisect  Aa  in  C.  Through  the  centre  C  draw  FG  per- 
pendicular to  Aa,  and  through  A  draw  HI  parallel  to  FG. 
In  CA,  make  Cd  equal  to  the  semi-conjugate  axis. 
Through  any  point  e  in  FG,  draw  e  d  meeting  HI  in  k, 
as  in  No.  2,  or  produce  ed,  if  necessary,  to  meet  HI  in 
k,  as  in  No.  1.  Through  e,  draw  Mm  parallel  to  Aa. 
Make  eM,  e  ra,  each  equal  to  e  k,  and  M,  m  are  points  in 
the  opposite  hyperbolas. 

In  this  manner,  all  the  points  in  the  opposite  curves,  in 
Fig  2,  (Plate  CXV.,  Curve  Lines,  Hyperbola,')  and  in  the 
succeeding  diagram  here  exhibited,  are  found ;  the  oppo- 
site hyperbolas  shown  in  the  plate,  being  constructed  ac- 
cording to  No.  1,  and  those  in  the  diagram  here  shown 
according  to  No.  2 :  in  the  figure  referred  to  in  the  plate, 
the  transverse  axis  is  greater  than  the  conjugate  ;  but  in 
the  following  diagram  the  conjugate  axis  is  greater  than 
the  transverse. 

When  both  the  axes  are  equal,  as  in  the  equilateral  hy- 
perbolas, the  points  d  and  k  both  coincide  with  the  vertex 
A  ;  in  this  case,  the  construction  to  find  any  point  in  eacli 
opposite  curve  is  simply  as  follows : — 


Fig.  146,  No.  1. 
m. 


Bisect  the  transverse  axis  Aa  in  C.  Through  the  cen- 
tre C,  draw  FG  perpendicular  to  Aa.  Through  e,  any 
point  in  OF,  draw  Mm,  and  make  e  m,  eM  each  equal  to 
eA  :  M.  m  are  points  in  the  opposite  curves. 

The  complete  construction  of  equilateral  opposite  hyper- 
bolas is  exhibited  in  Fig.  3  (Plate  CXV.,  Curve  Lines, 
Hyperbola}. 


I   Ik. 


Fig.  146,  No.  2. 
m 


A 
Ji 

Fig.  146,  No.  3. 


Fig.  146,  No.  4. 
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GENERAL  DEMONSTRATION. 

The  construction  being  made  as  in  No.  1,  draw  AF  parallel  to  k  e. 

Now,  let  CA  =  Ca  =  a,  CD  =  6,  and  AF  =  e  k  =  eM  =  *,  Ce  =  y, 
and  d  e  =  v. 

By  similar  triangles  Cde,  OAF,  b2  a?  =  a2  a2 

and  by  the  right-angled  triangle  dCe     -     -     -  -     c2  =  62  +  y3 

therefore,  eliminating  13,  there  will  arise  Z>2  a?  =  a2  (I2  +  #*)',  or,  by  trans- 
position, a2  j/2  =  62  (a?  —  a2),  which  is  the  central  equation  of  the  hyper- 
bola.—  See  Elements  of  Geometry,  Curve  Lines,  Prop.  xxx. 
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PROBLEM  XXIV. 
Given  a  diameter  Aa,  the  abscissa  CQ,  and  ordinate  QN,  to  find  any  point  in  the  curve. 


Draw  NQ  and  HA  perpendicular  to  AQ,  and  draw  NH  parallel  to  Aa. 
Divide  NQ  and  NH  each  in  the  same  ratio  in  r  and  s.  Draw  r  a  and  sA  meet- 
ing each  other  at  M,  and  M  is  a  point  in  the  curve. 

In  this  manner  the  opposite  curves,  Fig.  4,  Plate  I.,  Curve  Lines,  Hyperbola, 
are  described. 


Fig.  148. 


n 


N — r a 

DEMONSTRATION. 

Let  C  be  the  centre  of  the  diameter  Aa.  Draw  s  t  and  MP  parallel  to  NQ,  meeting  AQ  in  t  and 
P.  Let  CA  =  Ca  =  a,  CP  =  x,  PM  =  y,  CQ  =  z,  QN  =  v,  At  =  Hs  =  v,  and  Qr  =  w;  then 
will  aP  =  CP  +  Ca  =  x  +  a,  AP  =  CP  —  CA  =  x  —  a,  aQ  =  CQ  +  Ca  =  z  +  a,  and  AQ 
=  CQ—  CA.  =  z  —  a. 

By  similar  triangles  aPM,  aQr,     -  (x  +  a)  w  =  (z  +  a)  y, 

and APM,  Ats,       -     -     -          -     (x  —  a)  v  =  v  y, 

and  by  construction  HN  :  Hs  :  :  QN  :  Qr  v  y    =  (z  —  a)  w  ; 

therefore,  eliminating  v  and  w,  we  have  a?  —  a2)  y1  =  (e2  —  a2)  y"2,  and  therefore  the  curve  is  an 
hyperbola. 

PROBLEM  XXV. 


To  find  a  point  in  the  curve  by  another  method. 

Find  the  conjugate  axis  by  Prob.  xx.,  and  the  foci  by  Prob.  xxi. ;  then  the  trans- 
verse axis  Aa,  and  the  foci  F,  f  being  now  given,  any  point  in  the  curve  will  be 
found  by  the  following  method  : 

In  fF  produced,  take  any  point  q.  From  F,  with  the  distance  Aq,  describe  an 
arc  at  M,  and  from  f,  with  the  distance  a  q,  describe  another  arc  meeting  the  for- 
mer arc  at  M  ;  then  M  is  a  point  in  the  curve. 


Fig.  149. 
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This  is  evident  from  Def.  7,  Elements  of  Geometry,  Curve  Lines. 

In  Fig.  5,  Plate  I.,  Curve  Lines,  Hyperbola,  the  points  are  found  by  this  problem. 

PROBLEM  XXVI. 

4 

Given  either  curve  of  an  hyperbola  and  the  foci,  to  draw  a  tangent  to  the  curve  from  any  point  M. 

Fig.  6  (Plate  CXV.,  Curve  Lines,  Hyperbola).     Join  FM,  fM,  and  bisect  the  angle  fMF :  the 
bisecting  line  MT  is  the  tangent  required. 

PROBLEM  XXVII. 

Given  either  curve  of  an  hyperbola  and  the  foci,  to  draw  a  straight  line  from  any  point  M  in  the  curve 

perpendicular  to  that  curve. 

Fig.  6  (Plate  CXV.,  Curve  Lines,  Hyperbola).     Find  the  tangent  MT  by  Problem  xxvi.,  and 
draw  MN  perpendicular  to  MT  ;  then  MN  is  perpendicular  to  the  curve  at  M,  as  required. 


OF  THE  PARABOLA. 

PROBLEM  XXVIII. 

In  a  parabola  are  given  in  position  the  axes  and  its  vertex,  and  any  other  point  in  the  curve,  to  find  the 

directrix*  and  focus. 

Through  the  vertex  A,  draw  AD  perpendicular  to  the  line  TP  of  the  Fig.  150. 

axis,  and  from  the  given  point  M  in  the  curve  draw  MP  parallel  to  DA. 


M- 


Make  AD  equal  to  the  half  of  PM.  Join  PD,  and  draw  DT  perpendicular 
to  DP.  Through  T  draw  QR  parallel  to  AD.  In  AP,  make  AF  equal 
to  AT  ;  then  QR  is  the  directrix,  and  F  the  focus. 

This  will  be  evident  by  considering  the   Coroll.  to  Def.  7,  Elements  of 
Geometry,  Curve  Lines. 

PROBLEM  XXIX. 
METHOD   1. 

* 

In  a  parabola  are  given  the  vertex  A,  the  position  TD  of  the  axis,  and  a  point  N  in  the  curve,  to  find  a 

double  ordinate. 

Draw  Nn  perpendicular  to  TD,  meeting  TD  in  D.     Find  the  F'g-  >51- 

focus  F,  and  the  point  T,  through  which  the  directrix  passes. 
Through  any  point  P  in  AD  or  AD  produced,  draw  Mm  parallel  •  A 

to  Nn.     From  the  focus  F,  with  the  distance  TP,  describe  two  __,-F 

arcs  meeting  Mm  at  M,  m,  and  the  points  M,  m  are  in  the  curve, 
and  consequently  Mm  is  a  double  ordinate. 


N  « 

*  Sec  definition  18,  Elements  of  Geometry,  Curve  Lines. 
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DEMONSTRATION. 

Draw  the  directrix  QR,  and  join  MF.     Now  TP  is  equal  to  QM  ;  but  by  Coroll.  to  Def.  1,  Ele- 
ments of  Geometry,  Curve  Lines,  the  point  M  is  in  the  curve,  whence  QM  is  equal  to  MF. 


METHOD  2. 


Fig.  152. 


From  F,  with  the  radius  FA,  describe  a  circle  AGL,  and  from  F  with 
any  radius  describe  another  circle  MKm.  In  AK,  make  AH  equal  to 
GK,  and  draw  Mm  perpendicular  to  AK,  the  points  M,  m  are  in  the 
curve,  and  Mm  is  a  double  ordinate. 


DEMONSTRATION. 

Produce  FA  to  T,  and  make  AT  equal  to  AF.     Then  T  will  be  the  point  in  the  axis  through 
which  the  directrix  passes.     We  have  now  only  to  prove  that  FM  or  FK  is  equal  to  TH. 
Now,  by  construction,  GAK  =  H, 

and  by  the  parabola,  -  FG  =  AT  ; 

therefore,  by  addition,  FG  +  GK  =  HA  +  AT. 

Now  FG  +  GK  =  FK,  and  H  A  +  AT  =  HT ;  therefore  FM  or  FK  =  HT,  as  was  to  be  shown. 


PROBLEM  XXX 


Given  a  tangent  NK,  a  double  ordinate  NG/nwrc  the  point  of  contact,  and  the  position  of  a  diameter,  to 

find  any  point  in  the  curve  of  the  parabola. 


Fig.  153. 


METHOD  1. 

Draw  GR  and  q  1  parallel  to  the  diameter,  meeting  NR  iu  1.  Make 
Rh  equal  to  1  q,  and  draw  hN  meeting  q  1  in  M  ;  then  M  is  a  point  in 
the  curve. 


METHOD  2. 

Draw  any  line  Nh  between  NR  and  NG,  and  draw  GR  parallel  to  the 
diameter,  meeting  Nh  in  h.  From  q  draw  q  h  parallel  to  NR,  and  draw 
qM  parallel  to  GR,  and  M  is  a  point  in  the  curve1 


DEMONSTRATION  OF  METHOD  I. 

Since  (Prop.  x.  Elements  of  Geometry,  Curve  Lines)  Nq  :  NG  :  :  Ml  :  ql,  Nq-ql  =  NG'Ml 
and  since  by  parallel  lines,  Ml  :  ql  : :  hR  :  GR,   -  -     -     Ml'GR  =  ql-hR 

and  by  similar  triangles  Nql,  NGR -     ql-NG  =  Nq'GR 

therefore,  eliminating  the  common  quantities,  will  be  found  ql  =  hR  ;  therefore  M  is  in  the  curve. 
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DEMONSTRATION  OF  METHOD  2. 

Because  q  1  has  been  shown  to  be  equal  to  hR,  and  since  q  1  and  hRare  parallel  lines,  the  straight 
lines  NR  and  q  h  will  also  be  parallel. 

PROBLEM  XXXI. 
In  a  parabola  are  given  an  ordinate  DN,  and  the  abscissa  AD,  to  find  any  point  in  the  curve. 

METHOD  1. 

Draw  any  line  Mq  parallel  to  AD,  meeting  DN  in  q,  and  find  the  point  1,  so  that  DN  :  Dq  : :  DA 
:  AL,  and  draw  Nl  meeting  Mq  at  M,  then  M  is  a  point  in  the  curve. 


Fig.  155,  No.  1. 
,L 


Fig.  155,  No.  2. 
A. 


-iTH       * 


DEMONSTRATION. 

Draw  PM  parallel  to  ND,  and  let  AD  =  a,  DN  =  b,  AP  =  x,  PM  =  Dq  =  y,  and  PI  =  v. 
then  in  No.  1      -  Al    =  PI    —  AP  =  v  —  x,  and  in  No.  2  =  PI    +  AP  =  »  +  x, 

and  in  No.  1  and  2    -       PD  =  AD  —  AP  =  a  — -  x, 

and  in  No.  1  Nq  =  ND  —  qD  =  b  —  y,  and  in  No.  2  =  ND  +  Dq  =  b  +  y. 

Now  by  construction  Al  :  AD  :  :  Dq  :  DN;  .-.  &(u  —  x)  =  a  y, 
and  by  similar  triangles  NqM,  MPI,  -    v(b  —  y)  =  y(a  —  x). 

By  finding  the  value  of  v  in  each  of  these  equations,  and  by  putting  these  values  equal  to  each  other, 
there  will  result  Wx  =  ay2,  which  is  the  equation  of  the  parabola. 

The  demonstration  is  the  same  for  the  second  figure,  except  that  Al  =  «  +  x,  and  Nq  =  b  +  y. 

METHOD  2. 

Draw  AG  parallel  to  DN,  and  NG  parallel  to  DA.  In  DN,  take  any  point  q, 
and  draw  qM  parallel  to  DA.  Divide  GN  in  p  in  the  same  ratio  that  DN  is 
divided  in  q,  and  join  pA  meeting  qM  at  M-.  the  point  M  is  in  the  curve. 


DEMONSTRATION. 

Draw  MP  and  p  f  parallel  to  ND,  meeting  AD  in  P  and  f.     Let  AD  or  GN  =  a,  DN  or  f  p  =  b, 
AP  =  x,  Dq  or  PM  =  y,  Af  or  Gp  =  p. 

By  the  similar  triangles  APM,  Afp,      -  bx  =  py, 

and  by  construction  GN  :  Gp  : :  DN  :  Dq,         -      bp  =  ay ; 
therefore,  eliminating  p,  there  will  be  found  T?x  =  ay2,  which  is  the  equation  of  the  parabola. 
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DESCRIPTION  OF  THE  DIAGRAMS,  CURVE  LINES,  PARABOLA. 

[Plate  CXVI.] 

Fig.  1  shows  the  method  of  finding  the  focus,  the  axis  and  ordinate  being  given.  The  principle 
is,  that  the  distance  of  the  focus  from  the  vertex  of  the  curve  is  a  third  proportional  to  Ap,  Pq,  or 
to  the  abscissa  and  to  half  the  ordinate.  This  is  the  same  in  principle  as  Prob.  xxviii. 

Fig.  2  shows  the  method  of  describing  a  parabola  by  means  of  points  found  as  in  Prob.  xxix. 
viz. :  any  point  M  is  thus  found  by  drawing  a  perpendicular  through  M  to  the  axis,  and  describing 
an  arc  or  two  arcs  from  the  focus,  with  the  distance  between  the  perpendicular  and  directrix,  meet- 
ing the  perpendicular  in  M,  m.  In  this  case  the  directrix  QR  and  the  lines  QM  need  not  be  drawn ; 
for  the  distance  TP  being  applied  as  a  radius  from  the  focus,  the  points  M,  m  will  be  found  as 
before. 

Fig.  3  depends  upon  the  same  principle  as  shown  in  Prob.  xxix.  Method  2. 

Fig.  4  depends  upon  the  principle  shown  in  Prob.  xxx.  where  it  is  evident  that  the  points  q,  h 
divide  the  lines  GN  and  GR  in  the  same  ratio.  Hence  we  may  find  as  many  points  in  the  curve  as 
we  please  by  dividing  the  lines  GR  and  GN,  each  into  the  same  number  of  equal  parts. 

Figs.  5  and  6  show  the  application  of  Prob.  xxxi.  Fig.  5,  as  described  in  No.  2,  and  Fig.  6,  as  in 
No.  1.  Indeed,  the  method  here  applied  is  evident  from  Prob.  xxx. 

Fig.  7  is  described  upon  the  principle  shown  in  Prob.  xxx.  Method  2. 

Figs.  8  and  9  are  described  upon  the  principle  demonstrated  in  the  Elements  of  Geometry,  Curve 
Lines,  Prop.  ii.  viz. :  by  dividing  each  of  the  lines  CD,  DE  in  the  same  proportion,  and  drawing 
straight  lines  through  the  corresponding  points  of  section. 

Fig.  10  is  described  upon  this  principle,  viz.  that  the  ordinates  are  as  the  squares  of  the  abscissas. 

Fig.  11  is  described  by  the  principle  shown  in  Prob.  xxxi.  Method  2. 

PROBLEM  XXXII. 
Given  the  curve  of  a  parabola  (Fig.  12)  and  a  diameter  AP,  and  the  vertex  A,  to  find  a  double  ordinate. 

Produce  PA  to  0,  and  through  0  draw  JK  perpendicular  to  OP.  Take  J  at  any  distance  from 
0,  and  make  OK  equal  to  OJ.  Parallel  to  OP  draw  JM,  meeting  the  curve  in  M,  and  Km  meeting 
the  curve  in  m,  and  join  M,  m ;  then  Mm  is  the  double  ordinate  required. 

This  is  so  evident  as  not  to  require  demonstration. 

PROBLEM  XXXIII. 

Given  the  parabola  (Fig.  13),  a  point  M  in  the  curve,  the  axis  AD,  and  the  focus  F,  to  draw  a  tangent 

through  the  point  M. 

Join  FM,  and  draw  MG  parallel  to  DA.  Bisect  the  angle  FMG,  and  the  bisecting  line  MT  is  a 
tangent  to  the  curve. 

DEMONSTRATION. 

For  the  line  bisecting  the  angle  made  by  the  radius  vector,  and  a  line  from  that  point  of  the  curve 
where  the  radius  vector  meets  its  perpendicular  to  the  directrix,  is  a  tangent  to  the  curve,  Elements 
of  Geometry,  Curve  Lines,  Prop.  ii. 
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PROBLEM  XXXIV. 

Given  the  parabola  (Fig.  14\  a  point  M  in  tJie  curve,  and  the  axis  AD,  to  draw  a  tangent  to  the  curve 

through  the  point  M. 

Draw  MP,  meeting  the  axis  AD  in  P.     Produce  AP  to  T,  making  AT  equal  to  AP,  and  draw 
TM,  which  is  the  tangent  required. 

DEMONSTRATION. 

Because  the  subtangents  of  the  axis  is  double  the  abscissa,  Elements  of  Geometry,  Curve  Lines, 
Prop.  iii. 

PROBLEM  XXXV. 

Given  the  parabola  (Fig.  15),  a  point  M  in  tJie  curve,  and  a  diameter  AP,  to  draw  a  tangent  through 

a  given  point  M  in  the  curve. 

Find  the  ordinate  p  m,  by  Prob.  ii.,  and  draw  the  ordinate  PM  parallel  to  p  m.     Produce  AP 
to  T,  making  AT  equal  to  AP,  and  draw  MT,  which  is  the  tangent  required. 

PROBLEM  XXXVI. 

Given  the  vertex,  the  focus,  and  the  latus  rectum  in  position  and  magnitude,  to  find  any  point  in  the 

curve  of  an  ellipse,  hyperbola,  or  parabola. 


[Plate 
METHOD  1. 

In  Plate  CXVII.  Curve  Lines,  Figs.  1,  2,  3,  let  A  be  the  vertex,  F  the  focus,  and  FH  the  half 
of  the  latus  rectum. 

From  F,  with  the  radius  FA,  describe  an  arc  AG,  meeting  FH  in  G.  Make  FP  to  HQ  as  AF 
is  to  GH.  Draw  Mm  parallel  to  FH,  and  from  F,  with  the  radius  FQ,  describe  the  arc  QM,  and 
the  point  M  will  be  in  the  curve. 

If  with  the  same  distance  and  from  the  same  point  another  arc  be  described,  meeting  Mm  at  m, 
m  will  be  another  point  in  the  curve. 

Or,  divide  AF  into  any  number  of  equal  parts,  as  two,  and  set  off  any  number  of  these  parts  from 
F  in  the  line  FP;  also  divide  GH  into  the  same  number  of  equal  parts,  and  set  off  as  many  of  these 
parts  from  H  in  the  line  HQ  ;  then  proceed  with  any  two  corresponding  points  2,  2,  as  has  been 
done  with  the  points  P  and  Q,  and  we  shall  have  one  point  M'  at  the  extremity  of  each  ordiuate, 
and  one  in  the  extremity  of  each  equal  and  opposite  ordinate. 

The  curve  is  that  of  an  ellipse  when  GH  is  less  than  AF,  or  AF  greater  than  the  half  of  FH,  as 
in  Fig.  1.  The  curve  is  that  of  a  parabola  when  GH  is  equal  to  AF,  or  AF  the  half  of  FII,  as  in 
Fig.  2;  and  the  curve  is  that  of  an  hyperbola  when  GH  is  greater  than  AF,  or  when  AF  is  less 
than  the  half  of  FH,  as  in  Fig.  3. 

METHOD  2. 

Figs.  4,  5,  and  6.  Draw  AL  parallel  to  FH.  From  A,  with  the  distance  AF,  describe  an  arc 
AL.  Through  the  two  points  L,  H,  draw  LQ,  produced  at  pleasure.  Draw  Qm  parallel  to  FH, 
meeting  AF  produced  in  P.  From  F,  with  the  distance  PQ,  describe  an  arc  meeting  Qm  at  M  ; 
then  M  is  a  point  in  the  curve. 
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If  from  the  same  point  F,  with  the  same  distance  PQ,  another  arc  be  described  meeting  Qm  in 
m,  m  will  be  another  point  in  the  curve. 

In  the  ellipse,  Fig.  4,  if  the  two  axes  Aa,  Bb  be  given  in  position  and  magnitude,  the  curve  may 
be  described  by  the  same  method. 

For,  find  the  focus  F  by  Prob.  i.  Practical  Geometry,  Curve  Lines,  and  draw  AL  parallel  to  FH, 
and  produce  CB  to  N.  Make  CN  equal  CA,  and  AL  equal  to  AF,  and  join  LN ;  then  proceed 
as  we  have  just  shown.* 

PROBLEM  XXXVII. 

Given  the  abscissa,  an  ordinate,  and  the  axis  of  the  curve  of  an  ellipse,  hyperbola,  or  parabola,  to  find 

any  point  or  points  in  that  curve. 

[Plate  CXVIII.-} 

Let  Aa  be  the  axis  (Figs.  1,  2,  3,  Ellipse,  Hyperbola,  and  Parabola,  Plate  CXVIII.)  PM  the 
ordinate  either  from  some  point  in  the  axis,  or  from  some  point  beyond  it.  Draw  AD  parallel  to 
PM,  and  MD  parallel  to  PA.  Divide  MP  in  h,  and  MD  in  g,  each  in  the  same  proportion.  Draw 
a  h  and  gA,  in  Figs.  1  and  2,  and  in  Fig.  3,  h  m  and  gA.,  meeting  each  other  at  m,  and  m  is  a  point 
in  the  curve. 

Figs.  4,  5,  and  6  show  the  method  of  describing  the  respective  curves  by  finding  a  sufficient 
number  of  points. 

In  the  parabola,  Fig.  3,  and  6,  the  axis  Aa  is  of  infinite  length ;  therefore  only  the  point  A  can 
be  given ;  and  since  the  axis  is  of  infinite  length,  the  line  h  m  must  be  drawn  parallel  to  the  abscissa, 

PROBLEM  XXXVIII. 

Given  the  vertex,  the  ordinate,  and  a  tangent  at  the  extremity  of  that  ordinate  of  an  ellipse,  parabola, 
or  hyperbola,  to  find  the  centre,  and  to  determine  the  species  of  the  curve. 

[Plate  CX7X.] 

Figs.  1,  2,  3,  Plate  CXIX.  Ellipse,  Hyperbola,  and  Parabola.  Through  the  vertex  A,  draw  AT 
parallel  to  the  ordinate  PM,  meeting  the  tangent  MT  in  T.  Join  AM,  and  bisect  AM  in  d. 
Through  the  point  of  concourse  T,  and  the  point  of  bisection  d,  draw  Td  which  in  Figs.  1  and  2  may 
bo  continued  till  it  meets  AP  in  C ;  then  C  is  the  centre,  but  in  Fig.  3,  Td  is  parallel  to  AP,  and 
the  centre  is  therefore  at  an  infinite  distance. 

If  the  centre  fall  on  the  same  side  of  the  line  AT  on  which  the  ordinate  lies,  the  curve  is  an 
ellipse ;  and  if  the  centre  fall  on  the  contrary  side  of  the  line  AT,  the  curve  is  an  hyperbola ;  but  if 
the  line  dT  happen  to  be  parallel  to  the  abscissa  AP,  the  curve  is  a  parabola. 

Hence,  since  the  diameter  is  found  by  the  above  method,  we  may  describe  the  curve  by  finding  a 
sufficient  number  of  points,  as  in  4,  5,  and  6,  by  Prob.  xxxvii. ;  for  then  a  diameter  and  double 
ordinate  will  be  given  to  find  these  points. 

*  With  regard  to  CN  being  made  equal  to  CA,  and  AL  to  AF,  see  Emerson's  Conic  Sections,  Prop,  xxxviii.  page  23, 
Ellipse. 
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CUEVE  LINES  OF  THE  HIGHEK  OBDEKS. 

[Plate  CXX.] 

THE  CONCHOID  OF  NICHOMEDES  is  a  curve  of  such  a  nature,  that  if  in  Fig.  1,  Plate  CXX.,  Curve 
Lines,  AB  be  a  straight  line,  C  a  point  out  of  it,  and  CE  a  line  perpendicular  to  AB,  cutting  AB 
in  d;  and  if  dE  be  a  given  distance,  and  if  any  number  of  straight  lines  CM  be  drawn,  all  the  dis- 
tances gM  between  the  straight  line  AB  and  the  curve  will  be  equal  to  each  other. 

The  fixed  point  C  is  called  the  pole,  and  it  is  obvious  that  the  curve  may  be  described  by  a  tram- 
mel, as  in  Fig.  2. 

PROBLEM  XXXIX. 
To  draw  a  tangent  to  the  conchoid  through  any  point  M  in  the  curve,  Fig.  3. 

Produce  CM  to  Q,  and  make  MQ  equal  to  Cg.  Draw  QT  perpendicular  to  CQ,  meeting  AB  in 
T,  and  join  TM;  then  TM  is  the  tangent  required. — See  Newton's  Fluxions,  Ex.  2,  p.  64,  and  also 
p.  72,  8vo.  edition. 

THE  SINIC  CUKVE. 

The  Sinic  Curve,  or  figure  of  the  sines,  is  a  curve  of  such  a  nature,  that  the  abscissa  AP,  Fig.  4, 
is  equal  to  the  arc  a  p  of  a  circle,  and  the  ordinate  PM  is  equal  to  the  sine  p  q  of  that  arc.  The 
figure  may  therefore  be  easily  described  by  dividing  the  arc  into  equal  parts,  and  repeating  one  of 
such  parts  in  the  line  Aa  as  often  as  necessary,  for  any  part  or  the  whole  of  the  semicircumference. 

Figs.  5  and  6  are  described  from  an  elliptic  curve  in  the  same  manner. 

The  reader  may  here  observe  the  very  near  coincidence  of  these  curves  with  those  of  the  first 
order.  When  the  axis  major  is  to  the  axis  minor  in  the  ratio  of  4.  to  3,  as  in  Fig.  5,  the  curve  is 
nearly  that  of  a  parabola.  When  the  generating  ellipse  stands  with  its  axis  major  parallel  to  the 
ordinates,  the  figure  will  approach  to  an  hyperbola.  The  axis  Ba  of  the  nearest  hyperbola  may  be 
found  by  Prob.  xxxviii.  p.  320,  supposing  BD  the  abscissa,  DA  the  ordinate,  and  M  a  point  in  the 
curve  given. 

SPIEALS. 

DEFINITIONS. 

A  Spiral  is  a  curve  making  any  given  number  of  revolutions  round  a  fixed  point  without  meeting 
itself. 

The  fixed  point  is  called  the  centre  of  the  spiral. 

A  line  drawn  from  the  centre  of  the  spiral  to  the  curve,  is  called  an  ordinate. 

SPIEAL  OF  AECHIMEDES. 

[Plate  CXX/.] 
DEFINITION. 

If  the  arc  passed  over  by  the  radii  be  always  in  a  given  ratio  to  the  difference  of  the  ordinates,  the 
spiral  is  called  the  spiral  of  Archimedes. 

Therefore  to  draw  the  spiral  of  Archimedes,  we  need  only  to  draw  lines  forming  equal  angles 
round  the  centre,  and  fix  upon  one  of  these  lines  as  the  greatest  ordinate ;  which  being  determined, 

2s 
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divide  it  into  as  many  equal  parts  as  the  number  of  revolutions  intended,  and  subdivide  each  part 
into  as  many  smaller  equal  parts  as  the  number  of  angles:  make  the  second  or  next  ordinate  one 
part  less ;  the  third  two  parts  less ;  the  fourth  three  parts  less,  &c.  than  the  first,  and  draw  the 
curve  through  these  points. — See  Fig.  1,  Plate  CXXI.,  Practical  Geometry,  Curve  Lines. 

PROBLEM  XL. 

To  draw  a  tangent  through  any  point  M  in  the  curve,  Fig.  1,  Plate  CXXI.,  Practical  Geometry, 

Curve  Lines. 

From  the  centre  C,  with  the  distance  CM,  describe  a  circle.  Draw  CT  perpendicular  to  CM, 
and  make  CT  equal  to  the  circumference  of  the  circle:  then  TM  being  drawn,  is  the  tangent. 

LOGARITHMIC  SPIRAL'. 

If  the  ordinates  form  equal  angles  at  the  centre,  and  all  the  succeeding  ordinates  and  chords  form 
equal  angles  at  the  curve,  the  spiral  is  called  the  logarithmic  or  proportional  spiral,  as  in  Fig.  2, 
Spirals. 

Hence  the  description  of  the  curve  is  evident  by  similar  triangles. 

HYPERBOLIC  SPIRAL. 

DEFINITIONS. 

If  from  any  point  in  a  straight  line,  arcs  of  circles  of  equal  length  be  described  on  the  same  side 
of  it  and  terminate  in  it,  the  curve  passing  through  all  the  other  extremities  is  called  the  hyperbolic 
spiral. — See  Fig.  3,  Spirals. 

The  straight  line  in  which  the  arcs  terminate,  is  called  the  axis. — See  Fig.  3. 

A  straight  line  drawn  on  the  other  side  of  the  curve,  opposite  and  parallel  to  the  axis,  is  called 
the  asymptote. 

PROBLEM  XLI. 

To  describe  the  hyperbolic  spiral,  the  axis,  the  centre,  and  the  ordinate  next  to  the  axis,  being  given, 

Figs.  4  and  5. 

Let  BS  (Fig.  4)  be  equal  to  the  given  ordinate.  Draw  BG  at  any  angle  with  BS,  and  SR  par- 
allel to  BG.  In  the  straight  line  BG,  make  Bl  equal  to  any  distance,  and  make  B2,  B3,  B4,  &c. 
equal  to  twice,  three  times,  four  times,  &c.  that  distance,  and  make  SR  equal  to  B2.  Draw  1R, 
2R,  3R,  <fcc.  meeting  BS  in  the  points  C,  D,  E,  &c.  Having  drawn  the  ordinates  Ca,  Cb,  Cc 
(Fig.  5)  at  equal  angles,  make  the  ordinate  Ca  equal  to  twice  SB,  the  ordinate  Cb  equal  to  Sc,  the 
ordinate  Cd  equal  to  Sd,  &c. ;  then  the  curve  passing  through  all  the  points  a,  b,  c,  d,  &c.  is  the 
hyperbolic  spiral. 

In  the  diagram,  Fig.  4,  the  line  BG  might  require  to  be  extended  more  than  the  space  would 
allow.  In  this  case  we  might  draw  any  lines  parallel  to  BG,  and  repeat  one  of  the  equal  parts  in- 
tercepted by  any  two  adjacent  lines  drawn  from  R  to  the  divisions  in  BG ;  thus  making  i  k,  k  1,  1  m, 
&c.  each  equal  to  i  h,  or  h  g,  or  g  f,  &c. ;  and  should  this  be  inconvenient,  take  another  parallel  line 
nearer  to  S. 
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PROBLEM  XIII. 
To  draw  a  tangent  to  any  point  e  in  the  curve,   Fig.  4. 

Describe  the  arc  m  n  Fig.  5  between  the  axis  and  the  curve.  Draw  CQ  perpendicular  to  the 
axis  Cm,  and  make  CQ  equal  to  the  arc  m  n.  From  C,  with  the  radius  CQ,  describe  the  arc  QT, 
and  draw  CT  perpendicular  to  Ce;  then  draw  Te,  which  is  the  tangent  required. 


CHAP.  V.  — PLANE    TRIGONOMETRY. 

PLANE  TRIGONOMETRY  is  the  art  of  computing  the  sides  and  angles  of  a  plane  triangle  from  certain 
data  derived  from  the  relation  of  the  sides  and  angles  to  each  other. 

The  sides  and  angles  of  a  triangle  are  called  its  parts;  and  as  every  triangle  has  three  sides,  and 
three  angles,  it  is  said  to  consist  of  six  parts. 

In  every  triangle,  when  any  three  of  the  parts  are  given,  provided  one  of  them  be  a  side,  the  other 
three  can  be  found.* 

The  two  legs  of  every  angle  may  be  made  radii  of  a  circle  drawn  from  their  point  of  meeting,  and 
by  comparing  the  length  of  the  arc  intercepted  between  the  two  legs,  with  the  length  of  the  whole 
circumference  of  the  circle,  we  obtain  a  measure  of  the  angle. 

If  the  circle  be  divided  into  an  aliquot  number  of  parts,  the  whole  circumference  is  commonly 
quoted  as  unity,  and  thus  we  say  that  two  lines  crossing  each  other  at  right  angles  divide  a  circle 
into  four  quadrants,  or  quarters  of  a  circle ;  or  an  angle  is  said  to  cut  off  the  eighth  or  twelfth  of  a 
circle :  but  this  method  would  be  ill  suited  to  the  purposes  of  trigonometry  where  angles  of  every 
possible  dimensions  come  under  consideration.  It  is  therefore  convenient  to  divide  the  circumference 
into  a  number  of  parts,  and  these  again  into  smaller  parts,  by  which  means  fractions  are  avoided  in 
most  cases.  With  this  object  in  view  the  ancient  mathematicians  divided  the  circumference  into 
300  equal  parts,  and  this  practice  is  still  followed  by  the  moderns,  except  the  French,  who  divided 
the  circumference  into  400  equal  parts,  t 

Therefore,  admitting  the  circumference  of  a  circle  to  be  divided  into  360  equal  parts,  the  quadrant 
will  contain  90  of  these  parts. 


*  It  is  obvious  that  when  the  three  angles  are  the  only  data,  we  cannot  ascertain  the  length  of  the  sides,  because  all 
similar  triangles  must  be  equiangular,  whatever  may  be  their  dimensions. 

t  The  student  should  bear  in  mind  that  this  division  of  the  circle  into  degrees  is  only  equivalent  to  making  a  scale  on 
a  straight  line,  in  order  to  measure  small  parts  of  the  line.  The  number  360  was  very  wisely  chosen  by  the  ancients, 
because  it  is  more  divisible  than  any  other  near  it,  and  at  the  same  time  large  enough  to  render  a  further  division  un- 
necessary, in  many  cases  that  must  have  occurred  before  instruments  were  brought  to  great  perfection. 

The  number  400,  adopted  by  the  French,  is  perhaps  the  only  instance  in  which  their  admirable  system  of  measures  has 
failed  to  effect  a  practical  improvement;  for  where  the  circle  is  divided  into  400  parts,  neither  the  3rd,  6th,  7th,  9th, 
parts  of  the  circle  consist  of  an  even  number  of  degrees;  whereas  by  the  division  into  360,  these  parts,  with  the  excep- 
tion of  the  7th,  are  all  exactly  divisible.  The  same  observation  applies  to  the  subsequent  division  by  60  into  minutes, 
seconds,  &c.  as  contrasted  with  the  decimal  subdivision  of  the  degree  used  by  the  French. 
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Each  of  the  360  equal  parts  into  which  the  circumference  of  every  circle  is  supposed  to  be  divided, 
is  called  a  degree ;  and  in  order  to  obtain  the  mensuration  of  angles  to  the  greatest  nicety,  every 
degree  is  subdivided  into  sixty  equal  parts,  called  minutes ;  each  minute  again  into  sixty  equal  parts, 
called  seconds  ;  each  second  into  60  equal  parts,  called  thirds ;  and  so  on  till  the  divisions  become 
imperceptibly  small. 

NOTATION. 

Degrees  are  indicated  by  placing  a  small  cipher  on  the  right  a  little  above  the  unit  figure. 

Minutes  are  denoted  by  a  small  accent  or  dash  in  the  same  situation  ;  seconds  by  two  such  accents  ; 
and  so  on  for  the  other  smaller  divisions. 

Thus,  35°  31'  23"  is  read  35  degrees  31  minutes  23  seconds.* 

For  the  convenience  of  measuring  angles  on  a  small  scale,  describe 
the  quadrant  AGB  with  any  convenient  radius,  and  divide  the  arc 
AB  'into  nine  equal  parts.  Draw  the  chord  AB,  and  from  B  as  a 
centre,  with  the  distances  A  10,  A  20,  A  30,  &c.  describe  arcs,  cutting 
the  chord  AB  in  the  points  10,  20,  30,  &c.  and  the  distances  A  10,  A  20, 
A  30,  &c.  measured  on  the  chord  AB,  will  be  the  chord  of  10°,  20°, 
30°,  &c.  Such  a  scale  will  be  found  in  most  cases  of  mathematical 
instruments,  as  well  as  scales  of  equal  parts.  As  the  circle  is  divided  into  360  degrees,  the  chord  of 
60  degrees  is  obviously  the  side  of  an  inscribed  hexagon,  which  is  equal  to  the  radius.  It  is  therefore 
necessary  in  measuring  an  angle  by  this  scale  of  chords,  first  to  draw  an  arc  of  a  circle  with  an  open- 
ing equal  to  the  chord  of  60  degrees,  and  then  apply  the  scale  upon  such  arc,  for  the  measurement 
of  the  angle. 

PROPOSITION  I. 

At  a  given  point  in  a  straight  line  to  draw  another  straight  line  that  shall  make  an  angle  containing  any 

proposed  number  of  degrees. 

From  the  given  point,  with  a  radius  equal  to  the  chord  of  60°,  describe  an  arc  meeting  the  straight 
line ;  and  from  the  point  of  intersection  as  a  centre,  with  the  chord  of  the  proposed  number  of  degrees, 
as  a  radius,  describe  another  arc  cutting  the  former  arc ;  draw  a  line  to  join  the  point  of  intersection 
of  the  two  arcs  with  the  given  point,  and  the  angle  thus  formed  will  contain  the  proposed  number  of 
degrees. 


*  This  division  of  the  circle,  as  far  as  practical  utility  is  concerned,  finds  a  limit  sooner  or  later  in  the  inevitable 
imperfection  of  our  instruments;  for  though  we  may  carry  it  as  far  as  we  please  in  calculations  founded  upon  assumed 
data,  and  arrive  at  conclusions  proportionally  exact,  yet  in  the  practice  of  Trigonometry,  our  calculations  always  depend 
upon  actual  observations,  or  measurements  of  angles,  made  with  a  theodolite  or  sextant,  a  compass,  or  some  less  accurate 
instrument ;  and  as  the  angles  indicated  by  these  instruments  are  only  such  as  can  be  made  visible  on  the  circumference 
of  a  circle  of  a  few  inches  radius,  the  student  may  naturally  wonder  how  so  small  a  division  as  a  minute,  or  the  3600th  of 
the  circumference  can  at  all  be  seen  or  measured;  but  the  moderns  have  arrived  at  such  extraordinary  perfection  in 
dividing  instruments  that  an  error  amounting  to  no  more  than  the  3000th  part  of  an  inch,  in  placing  any  one  division, 
could  not  escape  detection  in  some  instruments  intended  for  accurate  measurement  of  angles. 
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EXAMPLES. 


Ex.  1. — At  the  point  B  in  the  straight  line  BA,  describe  an  angle  that  shall  contain  40°. 

From  the  point  B  with  the  chord  of  60°  describe  the  arc  ef,  meeting  AB  Fig.  1. 

in  e ;  from  e,  with  a  radius  equal  to  the  chord  of  40°,  describe  another  arc 
meeting  the  former  in/;  join  Bf;  then  ABf  is  the  angle  required. 


.L  e 


Ex.  2. — At  the  point  B  in  the  straight  line  BA,  to  describe  an  angle  which  shall  contain  90°. 

From  B,  with  a  radius  equal  to  the  chord  of  60°,  describe  the  arc  ef,  meeting  Fig.  2. 

AB  in  e,  and  from  e,  with  a  radius  equal  to  the  chord  of  90°,  describe  another 
arc,  meeting  the  former  in/.     Join  Bf,  and  ABf -will  contain  90°. 

Note. — As  the  three  angles  of  every  plane  triangle  taken  together  are  equal 
to  90°  X  2,  or  180°,  which  is  the  number  of  degrees  in  the  semicircle,  we  know  -r- 

that  when  one  angle  contains  90°,  the  other  two  must  contain  90°  between  them. 

To  make  at  a  given  point  in  a  straight  line  an  angle  which  shall  contain  a  number  of  degrees 
greater  than  90,  we  have  only  to  subtract  the  given  number  of  degrees  from  180,  and  at  the  given 
point  make  with  the  remainder  an  angle  in  the  opposite  direction. 

Ex.  3. — At  the  point  B  in  the  straight  line  BA,  make  an  angle  which  shall  contain  130  degrees. 


a 


Here  180  —  130  =  50.  Produce  AB  to  e,  and  from  B,  with  a 
radius  equal  to  the  chord  of  60°,  describe  the  arc  ef,  meeting  AB 
produced  in  e.  From  e,  with  a  radius  equal  to  the  chord  of  50°, 
describe  another  arc,  meeting  the  former  in  /.  Join  Bf,  and  ABf 
will  contain  130  degrees. 


Fig.  3. 


IS 


Or  thus, — 

From  B,  with  the  chord  of  60°,  describe  the  arc  ghf,  meeting  BA  in  g.  From  g,  with  the  chord 
of  90°,  set  off  gh,  and  from  h,  with  the  chord  of  what  the  given  angle  exceeds  90°,  set  off  hf.  Join 
Bf,  and  ABf  will  contain  the  proposed  number  of  degrees. 


PROPOSITION  II. 
To  find  the  number  of  degrees  which  a  given  angle  contains. 

From  the  point  of  concourse,  with  a  radius  equal  to  the  chord  of  60°,  describe  an  arc  meeting  both 
lines  which  contain  the  angle ;  then  apply  the  chord  of  this  arc  cut  off  by  the  lines,  to  a  scale  of 
chords,  observing  to  place  one  foot  of  the  compasses  in  zero :  the  other  will  point  out  the  number  of 
degrees  the  angle  contains. 


EXAMPLES. 

Ex.  1.  Suppose  (in  Fig.  1)  the  angle  ABf  were  given,  and  it  were  required 
to  find  how  many  degrees  it  contains. 

From  the  point  B,  with  a  radius  equal  to  the  chord  of  60°,  describe  the 
arc  ef,  meeting  AB  and  Bf  in  the  points  e  and/.-  the  chord  ef  applied  to  the 
scale  will  show  the  angle  to  contain  40  degrees. 


Fig.  1. 
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Ex.  2.  Suppose  (in  Fig.  2)  the  angle  ABf  were  given,  and  it  were  required  to 
find  how  many  degrees  it  contains. 

From  B,  with  a  radius  equal  to  the  chord  of  60°,  describe  the  arc  «/,  meeting 
the  straight  lines  AB  and  Bf  in  e  and/:  apply  the  chord  efto  a  scale  as  before 
directed,  and  the  angle  will  be  found  to  contain  90  degrees.  -^ 

Ex.  3.  Suppose  the  angle  ABf  (Fig.  3,  Prop,  i.)  were  given,  and  it  wore  required  to  ascertain  how 
many  degrees  it  contains.  Produce  AB  to  e,  and  from  B  with  the  chord  of  GO0  for  a  radius,  describe 
the  arc  ef,  meeting  AB  in  e,  and  Bf  in  f :  apply  the  chord  efto  the  scale  as  before,  and  the  angle 
eB/will  be  found  to  contain  50°,  which  must  be  taken  from  180,  and  the  remainder,  130,  is  the 
number  of  degrees  in  the  angle  ABf. 

Or  thus, — 

From  B,  with  the  chord  of  60°,  describe  the  arc  ghf,  meeting  AB  and  Bf  in  the  points  g  and/: 
apply  the  chord  of  90°  to  gh,  and  the  chord  of  hf  to  the  scale,  which  will  give  40°  for  the  angle  hBf, 
and  this  added  to  90°,  gives  130°  for  the  angle  ABf  as  before. 

Having  given  these  examples  on  the  construction  and  measuring  of  angles,  we  will  now  proceed  to 
the  construction  and  computation  of  the  different  cases  that  may  occur  in  the  practice  of  Trigonom- 
etry ;  but  as  some  terms  are  used  in  Trigonometry  which  have  not  been  hitherto  defined,  and  some  lines 
are  drawn  in  relation  to  the  circle  which  are  not  spoken  of  in  the  treatise  of  Geometry,  and  by  the 
known  lengths  of  which  trigonometrical  calculations  are  for  the  most  part  effected,  we  shall  first 
require  the  reader's  attention  to  certain  definitions,  together  with  the  propositions  on  which  the  art 
of  Trigonometry  is  founded.  It  may  here  be  proper  to  observe  that  there  are  two  methods  by  which 
the  cases  of  Trigonometry  are  usually  solved,  namely,  ^construction  and  calculation.  The  former 
method  is  generally  used  in  such  cases  as  admit  of  the  triangle  being  drawn  of  its  full  size,  or  to  a 
very  large  scale,  as  in  carpentry,  or  masonry,  because  the  errors  inseparable  from  actual  drawing 
are  not  increased  at  all,  or  at  most  not  to  an  inconvenient  degree  by  multiplication.  But  where  the 
data  are  obtained  by  observation  of  angles  made  with  accurate  instruments,  as  in  surveying  land, 
measuring  distances,  &c.,  it  is  only  by  calculation  that  we  are  enabled  to  obtain  a  correct  result. 


PLANE    TEIGONOMETKY. 

DEFINITIONS. 

1.  The  complement  of  an  arc  is  another  arc  which  is  the  difference  between  the  first 
arc  and  a  quadrant. 

Let  BC  be  an  arc,  and  BCD  a  quadrant ;  then  CD  is  the  complement  of  that  arc 
BC,  and  BC  is  the  complement  of  the  arc  CD. 

2.  The  supplement  of  an  arc  is  another  arc  which  is  the  difference  between 
the  first  arc  and  a  semicircle. 

Let  BC  be  an  arc,  and  BCD  a  semicircle ;  then  CD  is  the  supplement  of 
the  arc  BC,  and  BC  is  the  supplement  of  the  arc  CD. 

3.  The  sine  of  an  arc  is  a  straight  line  drawn  from  one  extremity  of  the  arc  upon  the  diameter 
passing  through  the  other  extremity,  and  perpendicular  to  such  diameter. 

Let  BC  be  the  arc  of  a  circle  described  from  the  point  A ;  then  CE,  drawn 
perpendicularly  upon  the  radius  AB  or  the  diameter  DB,  is  the  sine  of  the 

arc  BC  or  CD. 

BE 
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4.  The  cosine  of  an  arc  is  the  sine  of  the  complement  of  that  arc. 

Let  BC  be  an  arc,  and  BCD  a  quadrant ;  then  CH,  or  AE  is  the  cosine  of  the 
arc  BC. 

^ 

5.  The  tangent  of  an  arc  is  a  straight  line,  one  end  of  which  touches  the  circle  at 
one  extremity  of  the  arc,  and  the  other  end  meets  a  line  drawn  from  the  centre  of 
the  circle  through  the  other  extremity  of  the  arc. 

Let  BC  be  an  arc  ;  then  BF,  included  between  the  point  of  contact  Band  the  line 
AF,  is  the  tangent  of  the  arc  BC. 

6.  The  cotangent  of  an  arc  is  the  tangent  of  the  complement  of  that  arc. 

Let  BC  be  an  arc,  and  BCD  a  quadrant ;  then  DG,  the  tangent  of  the  complc- 
mental  arc  CD,  is  the  cotangent  of  the  arc  BC. 


7.  The  secant  of  an  arc  is  a  line  drawn  from  the  centre  through  one  extremity 
of  an  arc  to  meet  a  tangent  from  the  other  extremity. 
AF  is  the  secant  of  the  arc  BC. 


8.  The  cosecant  of  an  arc  is  the  secant  of  the  complement  of  that  arc. 

Let  BC  be  an  arc,  and  BCD  a  quadra'nt ;  then  AG  is  the  cosecant  of  the  arc 
BC,  and  AD  is  the  cosecant  of  the  arc  DC. 

The  sine,  cosine,  tangent,  cotangent,  secant,  cosecant  of  an  angle,  is  the  sine, 
cosine,  tangent,  cotangent,  secant,  cosecant  of  an  arc  described  with  any  radius 
from  the  angular  point,  and  terminated  by  the  legs  of  that  angle. 

9.  The  complement  of  an  angle  is  an  angle  which  is  equal  to  the  difference  between 
that  angle  and  a  right  angle. 

Let  ABC  be  an  angle,  and  ABD  a  right  angle;  then  CBD  is  the  complement  of 
the  angle  ABC,  and  ABC  is  the  complement  of  the  angle  CBD. 

10.  The  supplement  of  an  angle  is  an  angle  equal  to  the  difference  between 
that  angle  and  two  right  angles. 

Let  AD  be  a  straight  line,  and  BC  another  meeting  it  at  the  point  B; 
then  the  angle  CBD  is  the  supplement  of  the  angle  ABC,  and  the  angle  D~~ 

ABC  is  the  supplement  of  the  angle  CBD. 


A 


B 


CONTRACTIONS. 

Sin.  for  sine,  cos.  for  cosine,  tan.  for  tangent,  cot.  for  cotangent,  sec.  for  secant,  cosec.  for  cosecant, 
and  rad.  for  radius. 


Fig.  1. 


Fig.  2. 


The  sine  and  cosine  of  an  arc  are  the  same  as  the  sine 
and  cosine  of  its  supplement  ;  for,  if  ACD  be  a  semicircle, 
and  AC  an  arc  less  than  a  semicircle  ;  then  (by  Def.  3) 
CE  is  the  sine  not  only  of  the  arc  AC,  but  of  the  arc  CD, 
and  BE  is  the  cosine  ;  but  with  regard  to  Fig.  1,  the  co- 
sine of  the  arc  AC  being  greater  than  a  quadrant  is  negative,  while  in  Fig.  2  it  is  affirmative,  being 
less  than  a  quadrant. 


KA. 
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PROPOSITION  III. 
The  ratio  of  the  sides  of  a  triangle  is  equal  to  that  of  the  sines  of  their  opposite  angles. 

In  the  triangle  ABC,  draw  CD  perpendicular  to  AB,  cutting  AB  in  D. 
On  AC  and  BC,  with  any  distance,  cut  off  Ak,  Bh,  equal  to  each  other, 
and  draw  k  i  and  h  g  parallel  to  CD,  cutting  AB  in  i  and  g. 


Let  BC  =  a,  AC  =  6,  CD  =  p,  Ak  =  Bh  =  r. 
Then,  by  sim.  AS 


.  _,_    sin.  A       p 

Aik,  ADC, =  ~ 

r  6 


^,  BDC, 

..     .       . 
therefore,  eliminating  r,  p,     -     -     -          - 


sin.  A        a 


-     -          -     -    —.  —  ^       =-. 
sin*  \j        o 

The  elimination  is  made  by  dividing  the  higher  equation  by  the  lower. 

PROPOSITION  IV. 

The  cosine  of  any  angle  is  equal  to  the  sum  of  the  squares  of  the  sides  containing  that  angle,  minus  the 
square  of  the  remaining  side  multiplied  into  the  reciprocal  of  twice  the  product  of  the  containing  sides, 
radius  being  considered  unity, 

For  draw  CD  perpendicular  to  AB,  cutting  AB  in  D,  and  let  the  sides 
be  denoted  by  the  small  letters  corresponding  to  the  capitals  at  the  oppo- 
site angles,  and  let  AD  =  the  distance  of  the  perpendicular  CD  from  the 


i.  A,  be  called  d.  A.          D  B 

Then  (Geom.  Th.  xxxvii.)  we  have  o?  =  W  +  c2  —  2cd 

and  therefore d  =  —    t-= — 

but  since  -,  = r>  the  (cos.  A)  6  =  d ; 

d       cos.  A 

therefore,  mult,  the  two  eqs."»  b2  +  c2  —  a2 

,  ,.  ...  e  i      r  cos.  A= —x-. . 

and  dividing  by  6,  we  find     j  2bc 

PROPOSITION  V. 

The  ratio  of  the  sum  and  difference  of  the  sides  of  a  triangle  is  equal  to  the  ratio  of  the  tangents  of  the 
half  sum  and  half  difference  of  the  angles  at  the  base. 

Let  ABC  be  a  triangle. 

From  A,  with  the  distance  AB,  describe  the  circle  FBD  cutting  AC  in 
D,  or  AC  produced  in  D.  Produce  CA  to  F  ;  join  DB  and  FB:  draw 
DE  parallel  to  BC,  cutting  FB  in  E,  or  FB  produced  in  E  ;  then  the 
/_  ABD  =  ADB  is  the  half  sum  of  the  L  s  ABC,  ACB,  and  the  z. 
DBC  =  BDE  half  their  difference  ;  and  since  in  the  A  s  ABC,  ABD, 

the  -  z.  DAB  +  ABC  +  ACB  =  ADB  +  ABD  +  DAB; 
therefore  (Ax.  5)  ABC  +  ACB  =  ADB  +  ABD  =  2ADB 
therefore  -  -  i(ABC  +  ACB)=  ADB  =  ADE  +  BDE; 
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therefore  l(\EG  +  ACB)  =  ACB  +  DDE  ; 

whence      (Ax.  5)  1(ABC  —  ACB)  =  BDE. 

Now,  in  the  diagram,  FC  is  the  sum  of  the  two  sides  AB,  AC,  and  CD  is  their  difference  ;  also 
BF  is  the  tangent  of  the  L.  ADB  or  BDF,  and  BE  is  the  tangent  of  the  L  BDE  ; 

..  .     FC        FB        tan.  BDF 
therefore,  by  the  property  of  parallels,  ^  =  ^  =  tan   BDE' 


EIGHT-ANGLED  TEIANGLES. 

In  a  right-angled  plane  triangle,  the  sides  containing  the  right  angle  are  called  the  legs,  and  the 
side  opposite  to  the  right  angle  is  called  the  hypothenuse. 

In  a  right-angled  triangle  only  five  of  the  parts  are  varied,  in  consequence  of  the  right  angle  being 
a  constant  quantity.  In  order,  then,  to  ascertain  the  number  of  ways  the  data  may  be  varied,  taken 
two  and  two  at  a  time,  let  A,  B  be  the  two  acute  angles,  a,  6  the  legs  opposite  them  respectively, 
and  c  the  hypothenuse.  Now  the  number  of  ways  which  two  things  can  be  selected  out  of  five  is 
known,  by  the  theory  of  combinations,  to  be  10.  Let  the  above  representatives  of  the  angles  and 
sides  be  combined  accordingly,  and  they  will  stand  as  below  : — 

fAa,   Ba,  BC,  ac,  ab    \ 
\Bb,  Ab,  Ac,    be,  BA) 

whence  we  may  observe  that  the  number  of  ways  in  which  a  leg  and  an  opposite  angle  can  be  given 
is  two;  a  leg  and  adjacent  angle' two ;  the  hypothenuse  and  adjacent  angle  two;  the  hypothenuse 
and  a  side  two ;  the  two  sides  one,  and  the  two  angles  one. 

Let  the  case  in  which  the  two  angles  are  given  be  set  aside,  as  these  data  are  not  sufficient  to  limit 
the  problem ;  and-  of  the  other  combinations,  we  shall  have  the  five  following  cases ;  viz. : — 

a  leg  and  an  opposite  angle ; 
a  leg  and  an  adjacent  angle  ; 
the  hypothenuse  and  an  adjacent  angle ; 
the  hypothenuse  and  a  leg ; 
the  two  legs. 

But  because,  when  an  acute  angle  is  given,  the  other  is  found  by  subtracting  the  first  given  from 
90",  the  two  cases  in  which  a  leg  and  an  angle  are  given  may  be  reduced  to  one,  and  consequently 
the  five  cases  will  be  reduced  to  the  following  four;  viz. : — 

a  leg  and  an  angle ; 
the  hypothenuse  and  an  angle; 
the  hypothenuse  and  a  leg ; 
the  two  legs. 
Hence  the  resolution  of  right-angled  triangles  may  depend  on  four  different  propositions. 

PROPOSITION  VI. 
Given  one  of  the  legs  and  an  opposite  angle,  to  construct  the  triangle  and  find  the  remaining  parts. 

Ex. — Given  the  leg  BG  and  its  opposite  angle  BAG.     Required  AB  and  AC. 
Subtract  the  given  angle  from  90°,  and  the  remainder  will  be  the  angle  BOA,  which  is  an  angle 
adjacent  to  the  given  side. 

2r 


sin.  BAG 
BC  si] 
sin. 
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Construction. — Draw  the  line  AB  of  any  convenient  length,  and  at  the  point  B 
draw  BC  perpendicularly  to  AB ;  and  from  a  scale  of  equal  parts  lay  off  BC 
equal  to  the  given  length.  At  the  point  C,  make  with  CB  an  angle  BCA  equal 
to  the  complement  of  the  given  angle  BAG.  Join  CA,  and  measure  AB  and 
AC  on  the  same  scale  from  which  BC  was  taken,  and  the  lengths  of  the  sides 
of  the  triangle  will  agree  with  the  following  calculations. 

As  sin.  BAG  :  sin.  ACB  :  :  BC  :  AB  =  B°  sin>  ACB 
sin.  BAG  :  sin.  45(7(90°)  :  :  BC  :  AC  = 

PROPOSITION  VII. 

The  hypothenuse  and  the  adjacent  angle  being  given,  to  construct  the  triangle  and  find  the 

remaining  parts. 

Ex. — Given  the  hypothenuse  AC,  and  the  angle  BAG,  to  find  the  sides  AB  and  BC. 

Construction. — Draw  AC  (Fig.  to  Prop,  vi.)  of  the  given  length,  taken  from  a  scale  of  equal  parts, 
and  at  the  point  A  make  the  angle  BA  C  equal  to  the  given  angle  ;  and  from  the  point  C  draw  CB 
perpendicular  to  AB ;  then  AB  and  BC,  measured  from  the  same  scale  with  AC,  will  have  their 
lengths  determined. 

Calculation. — Find  the  angle  A  CB  as  before ; 

then,  sin.  ABO  (90°)  :  sin.  BAG  :  :  A  G  :  BC  = 
sin.  ABC  (90°)  :  sin.  ACB  :  :  AC  :  AB  = 


Sill.    i 

A°  8 


sin*  iH' 

PROPOSITION  VIII. 
The  hypothenuse  and  one  of  the  legs  being  given,  to  construct  the  triangle  and  find  the  other  parts. 

Ex.  —  Given  the  hypothenuse  AC  and  the  base  AB,  to  find  the  angles  and  the  other  side. 

Construction.  —  Draw  AB  (Fig.  to  Prop,  vi.)  of  the  given  length,  measured  from  a  scale  of  equal 
parts,  and  at  the  point  B  in  AB  draw  BC  perpendicular  to  AB  ;  and  from  the  point  A,  with  a 
radius  equal  to  the  given  hypothenuse,  describe  an  arc  cutting  BC  in  C.  Join  CA  ;  then  the  side 
BC,  measured  from  the  same  scale  as  AB  and  AC,  will  have  its  length  determined. 

A  ft  cjn  OHO 

Calculation.—  AC  :  AB  :  :  sin.  ABC  (90°)  :  sin.  ACB  =         *  "'        ;  v  BAG  =  90°  —  ACB. 

-  1  0 

To  find  BC  .— 

sin.  ABC  (90°)  :  sin.  BAG  :  :  AC  :  BC  =  A°  '  *™'BA° 

sin.  •''  ' 

Note.  —  If  we  suppose  the  sine  of  90°,  which  is  equal  to  the  radius  of  a  circle,  to  be  1,*  each  of  the 
preceding  formulae,  where  the  sine  of  90°  enters,  will  be  greatly  simplified. 

*  In  the  tables  by  which  trigonometrical  calculations  are  worked  the  radius  is  expressed  by  unity,  with  ciphers  after 
it,  so  as  to  conform  with  the  number  of  decimal  places  in  the  other  parts  of  the  table. 
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PROPOSITION  IX.  , 
Given  the  two  legs,  to  construct  the  triangle  and  find  the  remaining  parts. 

Ex.  —  Given  the  base  AB,  and  the  perpendicular  BC,  of  a  right-angled  plane  triangle.  Required 
the  angles  and  the  hypothenuse. 

Construction.  —  Draw  AB  (Fig.  to  Prop,  vi.)  of  the  given  length,  and  at  the  point  B  draw  BO 
perpendicular  to  AB,  making  BC  also  of  the  given  length.  Join  AG  ;  then  AC,  applied  to  the 
same  scale  whence  AB  and  BC  were  taken,  will  have  its  length  determined,  and  the  angles  can  be 
measured  as  before  directed. 

The  solution  of  this  example  will  be  obtained  by  Proposition  v.     Thus, 


=  half  the  difference  of  the  angles  at  the  base,  and  the  half  sum  is  known  ;  therefore  the  angles 
themselves  are  known,  and  the  sides  can  be  found  as  before. 

From  what  has  been  done  above,  it  is  evident  that  the  propositions  already  given  are  sufficient  to 
solve  every  case  of  right-angled  triangles,  without  embarrassing  the  judgment,  and  loading  the 
memory  with  a  multiplicity  of  useless  varieties. 

It  may,  however,  be  said,  that  another  case  may  occur  which  has  not  been  alluded  to,  viz.  when 
the  three  sides  are  given  to  find  the  angles  ;  but  when  it  is  considered  that  the  right  angle  in  this 
case  also  is  known,  the  other  angles  may  be  found  by  an  inversion  of  Proposition  iii. 

OBLIQUE  ANGLED  TKIANGLES. 

As  the  propositions  given  with  respect  to  right-angled  triangles  apply  equally  to  the  same  cases  of 
oblique  angled  triangles,  we  shall,  in  the  remaining  part  of  this  treatise,  confine  ourselves  to  such 
practical  examples  of  construction  as  will,  by  reference  to  what  has  been  already  advanced,  render 
the  method  of  calculation  sufficiently  obvious. 

In  order  to  ascertain  the  number  of  cases  that  may  occur  in  the  construction  of  oblique  angled 
triangles,  let  A,  B,  and  C  denote  the  three  angles,  and  a,  b,  c  their  respective  opposite  sides:  now, 
as  we  must  always  have  three  of  these  six  things  given  to  determine  the  rest,  we  have  to  inquire 
how  many  ways  three  things  can  be  selected  out  of  six.  The  theory  of  combinations  gives  twenty, 
which  may  be  arranged  as  below  :  — 


No.  I. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

ABC 

ABa 

BCa 

.4a& 

(7a6 

a&c 

ABb 

ACb 

Bab 

Bac 

BCb 

A  Be 

Aac 

Abc 

ACc 

Cac 

BCc 

Bbc 

S? 

AC  a 

Cbc 

But  although,  in  the  same  triangle,  the  number  of  ways  which  three  parts  can  be  given  in  order 
to  find  the  rest  is  20,  yet,  as  six  of  these  selections,  No.  2,  have  this  in  common,  viz.  two  angles  and 
an  opposite  side  ;  and  three,  No.  3,  have  two  angles  and  a  contained  side  ;  the  nine  combinations  of 
data  may  be  reduced  to  one  case,  because,  when  two  angles  of  a  triangle  are  given,  the  third  is  also 
given,  being  the  supplement  of  the  other  two ;  therefore,  setting  aside  No.  1  where  the  three  angles 
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are  given  (which  data  only  determine  the  ratio  of  the  sides),  wo  may  draw  this  conclusion,  viz. — 
that  the  construction  must  fall  under  one  of  the  following  cases,  in  which  may  be  given 

two  angles  and  a  side  .         No.  2  and  3  ; 

two  sides  and  an  opposite  angle  No.  4  ; 

two  sides  and  the  contained  angle  -  -         No.  5  ; 

three  sides        -  No.  6. 

Though  the  construction  will  admit  of  these  four  cases,  yet,  with  regard  to  the  arithmetical  solu- 
tion, there  are  only  three ;  for  No's.  2  and  3,  where  two  angles  and  a  side  are  given,  and  No.  4, 
where  two  sides  and  an  opposite  angle  are  given,  may  be  reduced  to  one  case ;  as  will  appear  by  the 
property  developed  in  Proposition  iii. 

PROPOSITION  X. 
Given  the  three  sides  of  an  oblique  angled  triangle,  to  find  the  angles. 

The  solution  of  this  proposition  by  construction  must  be  sufficiently  obvious  to  the  student ;  we 
may  therefore  proceed  at  once  to  the  calculation. 

Let  fall  a  perpendicular  from  the  greatest  angle  to  the  opposite  side,  or  base,  (which  will  be  the 
greatest  side,)  so  as  to  divide  the  whole  triangle  into  two  right-angled  triangles.  The  proportions 
will  then  be 

As  the  base,  or  sum  of  the  segments, 

Is  to  the  sum  of  the  other  two  sides  ; 

.So  is  the  difference  of  those  sides, 

To  the  difference  of  the  segments  of  the  base. 

The  segments  of  the  base  are  then  found  by  adding  half  the  difference  to  half  the  sum  for  the 
greater,  and  subtracting  it  for  the  less  segment. 

We  have  thus  two  right-angled  triangles,  in  each  of  which  two  sides  and  the  angle  opposite  to  one 
of  them  are  given.  The  remaining  angles  may  therefore  be  found  by  the  rule  deduced  from  Propo- 
sition iii. 

PROPOSITION  XI. 
Given  two  angles  and  a  side,  to  describe  the  triangle  and  find  the  remaining  parts. 

Note. — If  all  the  given  parts  are  not  contiguous,  take  the  supplement  of  the  two  given  angles, 
which  will  be  one  of  the  angles  adjacent  to  the  side  given  ;  consequently  the  side  will  be  situated 
between  two  angles. 

In  the  oblique  angled  plane  triangle  ABO  let  there  be  given  the  side  AB,  34  feet,  the  angles 
ABC,  BOA,  35°  and  62°  respectively,  to  find  BC  and  AC. 

Construction. — Draw  the  straight  line  AB,  and  from  a  scale  of  equal  parts 
take  off  34,  which  apply  from  A  to  B.  At  the  point  B  in  the  straight  line 
AB,  make  the  angle  ABC  equal  to  35°;  and  at  the  point  A  make  an  angle 
equal  to  83°,  the  supplement  of  the  sum  of  both  given  angles.  Apply  BC 
and  AC  to  the  same  scale  whence  AB  was  taken,  and  they  will  measure  38 
and  22  feet  respectively. 
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PROPOSITION  XII. 
Given  two  sides  and  the  contained  angle,  to  construct  the  triangle  and  measure  the  other  parts. 

Draw  a  straight  line  of  any  convenient  length,  and  at  any  point  in  the  same  make  an  angle  equal 
to  the  given  angle  ;  and  from  a  scale  of  equal  parts,  lay  off  from  the  vertex  of  the  angle,  on  the  legs 
containing  it,  the  respective  lengths  of  these  legs ;  join  their  remote  extremities,  and  the  line  thus 
joining  them  will  be  the  third  side  of  the  triangle,  which  must  be  measured  on  the  same  scale  with 
the  given  sides  and  the  angles. 

Ex. — Given  the  two  sides  AB,  BG  (Fig.  to  Prop,  xi.)  34  and  38  feet  respectively;  and  the  angle 
ABC  35°  ;  to  find  the  other  angles  and  the  third  side. 

Construction. — Make  A.B  •=.  34  feet,  and  at  the  point  B  in  AB  make  the  angle  ABO  =  35°  ;  and 
from  the  scale  from  which  AB  was  taken,  make  BC  =  38  feet.  Join  AC,  which  being  applied  to 
the  same  scale,  will  be  found  to  measure  22  feet.  The  angles  BAC,  ACB,  being  measured  as  before, 
are  83°  and  62°  respectively. 

PROPOSITION  XIII. 

Given  two  sides  and  an  angle  opposite  to  one  of  them,  to  construct  the  triangle,  and  measure  the 

remaining  parts. 

Draw  a  straight  line  equal  to  one  of  the  given  sides,  at  one  extremity  of  which  make  an  angle 
equal  to  the  given  angle  ;  at  the  other  extremity,  with  a  distance  equal  to  the  other  given  side,  de- 
scribe an  arc,  which  will  either  touch  the  unknown  side  in  one  point,  or  cut  it  in  two  points  ;  hence 
this  case  will,  in  certain  instances,  admit  of  two  solutions. 

Ex. — Given  the  two  sides  AB,  AC,  equal  to  34  and  22  feet  respectively, 
and  the  angle  ABC  opposite  the  side  AC  equal  to  35°,  to  find  the  third  side 
and  the  other  angles. 

Construction. — 'Draw  AB,  34  feet,  as  before  directed,  and  at  the  point  B  in 
AB  make  an  angle  equal  to  35° ;  then  from  the  other  extremity  A  of  AB, 

with  a  distance  equal  to  22  feet,  taken  from  the  same  scale  as  AB,  describe  an  arc  which  will  either 
touch  the  unknown  side  in  D,  or  cut  it  in  the  points  C,  O.  Join  AD  if  it  touch  in  D,  or  CA,  C'A 
if  it  cut  in  the  points  C  and  C".  The  line  BD,  BC,  or  BC',  will  in  either  case  be  the  third  side, 
that  is,  BG =  20,  BD  =  28-4,  and  BC'  =  37  respectively  ;  and  the  angles  being  measured  as  before 
directed,  will,  according  to  the  respective  sides,  be  BCA  113°,  BAC  32°;  BDA  90°,  BAD  55°; 
BOA  66°,  and  BAC?  79°. 

It  is  obvious  that  the  ambiguity  in  this  proposition  is  more  likely  to  mislead  in  proportion  as  the 
angle  ADB  approaches  a  right  angle  ;  but  when  that  angle  is  either  decidedly  obtuse,  or  acute,  the 
peculiar  circumstances  of  every  case  will  generally  limit  the  proposition,  so  as  to  leave  no  doubt  as 
to  which  solution  must  be  adopted.  In  practice  the  student  should  be  careful  to  prevent  the  pos- 
sibility of  ambiguity  in  similar  cases,  or  the  most  correct  measurement  of  angles  may  be  rendered 
useless. 
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OF  THE  EIGHT-ANGLED  TKEHEDEAL. 


DEFINITIONS. 

A  right-angled  trehedral  is  a  solid  formed  by  three  planes  meeting  each  other  in  a  point,  two  of 
which  planes  are  perpendicular  to  each  other. 

The  angle  at  the  vertex  of  the  figure  in  each  of  the  perpendicular  planes  is  called  a  leg. 

The  angle  at  the  vertex  of  the  figure  in  the  plane  opposite  the  right  angle,  is  called  the  hypothenuse. 

The  angles  formed  by  the  plane  opposite  the  right  angle,  meeting  each  of  the  perpendicular  planes, 
are  called  the  angles  of  the  solid. 


PROPOSITION  XIV. 
Given  one  leg  and  the  adjacent  angle  of  the  solid,  to  find  the  other  leg.* 

Construction. — Method  1.      Let  BAQ  be  the  given  leg.  Fig.  1. 

From  any  point  Q  in  AQ  draw  Qr,  meeting  AB  or  AB 
produced,  perpendicularly  in  the  point  r ;  make  the  angle 
Qrs  equal  to  the  adjacent  angle  of  the  solid  ;  draw  Qs  per- 
pendicular to  Qr,  meeting  rs  in  the  point  s  ;  draw  also 
Qt  perpendicular  to  A  Q,  and  make  Qt  equal  to  Qs.  Join 
At,  and  QAt  will  be  the  required  leg. 

Or  thus, — 

Method  2. — From  any  point  Q  in  AQ  draw  Qr,  meeting  AB  or  AB 
produced,  perpendicularly  in  the  point  r.  Produce  AQ  to  s,  and  make 
Qs  equal  to  Qr ;  draw  Qt  perpendicular  to  A  Q ;  make  the  angle  Qst 
equal  to  the  adjacent  angle  of  the  solid.  Join  At,  and  QAt  will  be  the 
required  leg. 


Fig.  2. 


*  This  is  the  same  as  if  one  leg  and  the  adjacent  angle  of  a  right-angled  spherical  triangle  were  given,  to  find  the 
other  leg. 

Formula  tan.  req.  leg  =  tan.  adj.  angle  X  sin.  given  leg.  This  is  the  formula  of  Napier;  but  we  shall  show  how  the 
same  may  be  derived  from  the  figure  itself,  without  referring  to  the  principles  of  spherical  trigonometry. 

For  this  purpose,  let  AQ  be  considered  as  given  =  the  radius  of  a  certain  circle. 

Then,  per  Trig.  sin.  QrA  :  sin.  QAr  :  :  AQ  :  Qr=:dQ;  rad.  (1)  :  tan.  Qrs  :  :  A"Q       :  Q*  = 


^Otan.  Qrs  sin  QAr     „  .  _,  .  .  ^  __  A  Q  tan.  Qn  sin.  QAr  ^  Q  tan.  Qn  sin.  QAr 

sin    QrA  '     But  Qt  "  by  Con8tructlon  =  Qst    '    Qt  =  sin.  QrA  --  '  AQ  '  --  sin.  QrA 

:  :  rad.  (1)  :  tan.  QAt  =  tan.  Qrs  X  sin.  QAr;  because  AQ  in  the  denominator  destroys  AQ  in  the  numerator,  and  sin. 
QrA  —  1,  the  angle  QrA  being  a  right  angle. 
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EXAMPLES. 

Ex.  1.  Given  the  angle  formed  by  the  wall  plate  of  a  roof,  and  the  seat  of  a  hip  rafter,  togethe 
with  the  angle  which  the  roof  makes  with  the  wall  plate,  to  find  the  angle  which  the  hip  rafter  makes 
with  its  seat. 

This  is  the  same  as  if  the  angle  BAQ  of  one  leg,  and  the  adjacent  angle  of  the  solid  were  given, 
to  find  the  other  leg. 

The  construction  of  Fig.  4,  is  according  to  Method  1,  and  the  construction  of  Fig.  5,  according  to 
Method  2. 


Fig.  4. 


J> 


Fig.  6. 


Ex.  2.  Given  the  angle  which  the  style  of  a  horizontal  dial  makes  with  the  substyle,  and  the  time 
of  the  day,  to  find  the  angle  in  the  plane  of  the  dial  which  the  substyle  makes  with  the  style. 

Suppose  it  were  required  to  find  the  shadow  of  the  style  of  a  horizontal  dial  four  hours  after  noon> 
the  latitude  of  the  place  being  given. 

Construction. — Let  A  be  the  centre  of  the  dial,  AQ  the  sub- 
style,  or  12  o'clock  hour  line,  and  QAB  the  angle  which  the 
style  makes  with  the  substyle. 

From  any  point  Q  in  AQ  draw  Qr,  meeting  AB,  or  AB  pro- 
duced, perpendicularly  in  the  point  r.  Produce  AQ  to  s,  and 
make  Qs  equal  to  Qr;  draw  Qt  perpendicular  to  AQ.  Make 
the  angle  Qst  equal  to  60°  (allowing  15°  to  an  hour),  and  join 
At ;  then  QAt  is  the  angle  sought. 

This  is  the  same  in  every  respect  as  the  second  method.  In 
the  diagram  the  whole  of  the  hour  lines  are  exhibited,  being  all 
drawn  in  the  same  manner  as  the  line  At ;  and  this  is  easily 
effected  by  dividing  the  quadrants  Q  T  and  Q  U  each  into  six 
equal  parts. 

The  very  same  lines  apply  to  the  joints  of  an  oblique  arch  in 
Masonry,  where  the  lines  shown  in  TQ  U  are  for  those  of  the 
right  arch. 
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PROPOSITION  XV. 
Given  one  leg  and  the  adjacent  angle  of  the  solid,  to  find  the  hypothenuse.* 


In  A  Q  take  any  point  Q ;  from  Q  draw  Qy,  cutting 
AB  or  AB  produced,  perpendicularly  in  r.  Make  the 
angle  Qrs  equal  to  the  adjacent  angle  of  the  solid ;  draw 
Qs  perpendicular  to  Qr ;  make  ry  equal  to  rs,  and  join 
Ay ;  then  BAy  is  the  hypothenuse  required. 


Fig.  1 


The  principles  of  this  problem  may  be  successfully  applied  to  the 
development  of  roofs,  the  cutting  of  timbers,  &c. 

As  an  Example, — Given  the  angle  of  two  faces  of  a  piece  of  timber, 
and  two  lines  drawn  obliquely  from  the  same  point  of  the  ridge  line 
(or  arris  as  it  is  called  by  workmen),  to  find  the  angle  contained  by 
these  lines. 


PROPOSITION  XVI. 
Given  the  two  legs,  to  find  the  adjacent  angles  of  the  solid.*! 

Construction. — In  AB,  take  any  point  r,  and  draw  ru  perpendicular  to  AQ, 
meeting  AQ  in  u.  From  u  draw  uv  perpendicular  to  At,  meeting  At  in  v. 
From  u  towards  A  on  A  Q,  make  uw  equal  to  uv.  Join  rw,  and  uwr  is  one 
of  the  angles  required :  the  other  may  be  found  in  the  same  manner. 


*  This  is  the  same  thing  as  having  one  leg  of  a  right-angled  spherical  triangle  and  the  adjacent  angle  given,  to  find  the 
hypothenuse. 

Formula  cot.  hyp.  =  cos.  given  /  X  cot.  given  leg.  The  formula  here  given  is  that  derived  from  Napier's  circular 
parts;  hut  we  shall  show  how  the  same  may  be  obtained  immediately  from  the  figure,  without  referring  to  the  principles 
of  spherical  trigonometry. 

Let  AQ  be   given  as   before  =  the  radius  of  a  certain  circle;  then,  sin.  Qra  :  sin.   QAr  :  :   AQ  :    Qr  = 

,  cos.  Qrs  :  rad.  (1)  =  =   ** 


sin. 


:  cos.  QAr  :  :  AQ  =  Ar  = 


XQsin.  QAr 


^^'•^—••••^1^ 
cos.  Qrs  cot.  QAr. 

t  This  is  the  same  as  if  the  legs  of  a  right-angled  spherical  triangled  were  given  to  find  the  acute  angles. 

Formula  cot.  req.  angle  =  sin.  adj.  side  X  cot.  opp.  side. 

Solution  from  the  figure. 


SECT.  II.] 


PRACTICAL  GEOMETRY. 


Or  thus, — 

lu  AB  take  any  point  r;  draw  ru  perpendicular  to  AQ,  meeting 
AQ  in  u;  draw  z»lso  uv  perpendicular  to  At,  meeting  At  in  v,  and  uw 
perpendicular  to  uv ;  make  uia  equal  to  ur,  and  join  vw ;  then  will  uvw 
be  one  of  the  angles  required,  and  in  the  same  manner  the  other  may 
be  found. 

By  either  of  these  methods  we  may  find  the  backings  of  hip  rafters. 


33T 


PROPOSITIOK  XVII. 
Given  the  legs,  to  find  the  hypothenuse.* 

Construction. — In  AB,  with  any  convenient  radius,  describe 
a  semicircle  Azr,  meeting  AB  in  r.  Draw  rw  perpendicu- 
lar to  AQ,  meeting  AQ  in  u  ;  draw  also  uv  perpendicular 
to  At,  meeting  At  in  v.  From  A  with  the  radius  Av  describe 
an  arc,  meeting  the  semicircle  in  z,  and  through  z  draw  A  W; 
then  will  BA  W  be  the  angle  required. 


PROPOSITION  XVIII. 
Given  the  hypothenuse  and  either  adjacent  angle  of  the  solid,  to  fold  the  adjacent  leg. 

Construction. — Let  BA  Y  be  the  hypothenuse,  and  through  any  point  r  in 
AB  draw  YQ  perpendicular  to  AB.  Make  the  angle  Qrs  equal  to  the  adja- 
cent angle  of  the  solid,  and  rs  equal  to  rY.  Draw  sQ  perpendicular  to  YQ, 
and  join  AQ  ;  then  BAQ  is  the  leg  required. 


Let  rA  equal  the  assumed  radius;  then  will  rA  sin.  rAu  =  ru,  and  rA  cos.  rAu  =  Au 

rA  sin.  uAv  cos.  rAu  =  uv  =:  uw 

rA  sin.  rAu  tan.  rAu 

tan.  rwu  =:  — 7—         —, .     =  — —      . 

rA  sin.  uAv  cos.  rAu        sin.  uAc 

or  cot.  rwu  =  sin.  uAv  cot.  rAu. 
*  This  is  the  same  as  if  the  two  legs  of  a  right-angled  spherical  triangle  were  given,  to  find  the  hypothenuse. 

Formula,  cos.  hyp.  =  rect.  cosines  of  legs. 
Solution  from  the  figure. 

Let  rA  he  the  assumed  radius  ;  then  Au  =  rA  cos.  rAu,  and  Av  =:  rA  cos.  rAu  cos.  uAv.     But  Az  =  Ao ;  '.'  rA  ; 
rA  cos.  rAu  cos.  uAv  :  :  1  cos.  rAz ;  that  is,  cos.  rAz  =:  cos.  rAu  X  cos.  uAv. 

f  This  is  the  same  as  if  the  hypothenuse  and  an  acute  angle  oka  right-angled  spherical  triangle  were  given,  to  find 
the  side  adjacent  to  that  angle. 

Formula,  tan.  req.  side  =  tan.  hyp.  X  cos.  given  angle. 

Solution  from  the  figure.     Let  A  Y  be  the  assumed  radius ;  then  Yr  =  rs  =  A  Y  sin.  YAr,  and  AT  =  A  Y  cos.  YAr 
rQ=:^rsin.  YAr  cos.  Qn;  v  tan.  Q^r  =  tan.  YAr  cos.  QAr. 

2u 
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PROPOSITION  XJX. 
Given  the  hypothenuse  and  either  angle  of  the  solid,  to  find  the  opposite  leg.* 

Construction. — Find  the  leg  rA  by  the  last  proposition  ;  then  through 
any  point  r  in  Ar  draw  YQ  perpendicular  to  Ar.  Make  the  angles  Qrs 
equal  to  the  given  angle  of  the  solid.  Draw  Qs  perpendicular  to  Qr, 
and  Qt  to  A  Q,  making  Qt  =  Qs.  Join  At,  and  Q At  will  be  the  leg  re- 
quired. 


SCHOLIUM. 

Let  A  and  E  represent  the  two  acute  angles  of  the  solid,  a  and  6  their  opposite  legs,  and  c  the 
lijpothenuse.  Now  here  are  all  together  five  parts  ;  and  since  the  number  of  ways  which  two  things 
can  be  selected  out  of  five  is  ten,  we  can  have  the  following  combinations  of  data,  AB,  Aa,  Ha,  Ab, 
Bb,  ab,  Ac,  Be,  ac,  be.  It  therefore  appears,  that  there  are  ten  cases  of  the  right-angled  trehedral ; 
we  shall,  however,  dismiss  the  subject  by  observing,  that  the  six  cases  which  we  have  given  are  suffi- 
cient to  answer  the  various  examples  which  appear  in  the  body  of  the  work. 

Having  now  resolved  all  the  cases  that  can  possibly  occur  in  Plane  Trigonometry,  it  only  remains 
for  us  to  point  out  some  of  the  applications  of  that  valuable  science. 

Trigonometry  is  eminently  useful  in  surveying  land  ;  in  measuring  heights  and  distances,  which 
are  either  inaccessible,  or  do  not  present  facilities  for  a  more  obvious  mode  of  measurement,  and  in 
a  variety  of  arts  more  limited  in  their  operations.  These  are  perhaps  the  only  applications  which  it 
is  necessary  to  speak  of  in  a  work  like  the  present ;  but  the  intelligent  student  will  readily  conceive 
that  the  principles  of  a  science  so  usefully  applied  to  our  immediate  necessities,  may  be  employed 
with  equal  advantage  in  the  more  extended  scale  of  astronomical  observations,  the  art  of  navigation, 
and  the  trigonometrical  survey  of  kingdoms. 

The  method  of  making  the  necessary  calculations  of  the  sides  and  angles  of  triangles  has  been 
already  shown  ;  but  practical  examples  of  working  the  questions  could  not  well  be  given  without  the 
aid  of  tables  of  logarithms,  and  to  have  introduced  such  tables  of  sufficient  extent  to  render  them 
really  useful,  would  have  much  increased  the  bulk  of  the  present  volume,  without  rendering  it  the 
more  acceptable  to  a  great  portion  of  our  readers. 

It  was  therefore  thought  best  to  refer  the  student  to  the  tables  of  logarithms,  already  published 
in  volumes  by  themselves,  and  which  are  usually  prefaced  by  a  full  explanation  of  their  use,  rather 
than  attempt  to  work  out  solutions  from  tables  not  in  this  book,  operations  but  little  satisfactory, 
because  the  method  of  performing  them  could  not  have  been  rendered  sufficiently  obvious.  Some 
of  the  most  useful  tables  of  logarithms  are  the  following  : — The  tables  by  M.  de  la  Lande,  in  one 
small  pocket  volume,  are  exceedingly  well  adapted  for  common  calculations.  Where  greater  accu- 
racy is  required  the  student  may  consult  those  by  Dr.  Hutton,  or  Caillet,  each  in  one  large  volume 

*  This  is  the  same  as  if  there  were  given  the  hypothenuse  and  an  angle  of  a  right-angled  spherical  triangle,  to  find  the 
side  opposite  to  that  angle. 

Formula,  sin.  req.  'side  =  sin.  opp.  ang.  X  sin.  hyp. 
Solution  from  the  figure.     Let  YA  be  the  assumed  radius  ; 

then  YA  sin.  YAr  =  Yr  =  rs; 

YA  sin.  YAr  sin.  Qrs  =  Qs=Qt; 

but  YA  =  tA,  v  sin.  QAt  =  sin.  Yar  sin.  Qr*. 
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8vo. ;  and  if  any  one  shall  desire  to  make  the  most  elaborate  calculations,  the  tables  by  Bagay,  in 
one  volume  4to.,  (where  the  sines,  tangents,  &c.  are  given  to  every  second  of  the  quadrant,)  may  be 
referred  to. 

The  measurement  of  lines  and  angles  present  more  difficulty  in  practice  than  is  generally  imagined 
by  persons  who  have  only  studied  the  theory  of  Trigonometry,  particularly  when  operations  are 
performed  upon  a  large  scale  ;  and  it  requires  much  judgment  to  form  such  an  arrangement  of  parts 
which  constitute  the  data  of  calculations,  as  may  render  the  inevitable  inaccuracy  of  our  measure- 
ment least  detrimental  to  the  correctness  of  the  result.  With  this  object  in  view,  the  occurrence  of 
very  small  angles  should  be  as  much  as  possible  avoided,  because  a  very  trifling  error  in  estimating 
their  quantity,  will  make  a  surprising  difference  in  the  contiguous  sides  of  the  triangle :  besides 
which  source  of  inaccuracy,  as  the  side  opposite  a  very  acute  angle  is  generally  the  measured  side, 
or,  as  it  is  termed,  the  base  line,  the  error  of  the  whole  work  is  increased  in  as  great  a  proportion  by 
any  trifling  error  in  the  length  of  this  line,  and  to  measure  a  straight  lino  of  considerable  extent 
correctly,  is  frequently  a  much  more  difficult  problem  than  the  apparent  simplicity  of  the  operation 
seems  to  imply. 

Wo  could  adduce  other  instances  where  precautions  are  necessary  to  precision  in  the  practice  of 
Trigonometry,  but  it  may  be  sufficient  by  a  single  example  to  warn  the  young  practitioner  that  the 
data,  or  substructions  on  which  he  grounds  his  calculations,  are  for  the  most  part  of  his  own  choosing, 
and  that  the  accuracy  of  the  results  will  therefore  chiefly  depend  on  his  judgment,  and  the  perfec- 
tion of  the  instruments  which  he  employs  ;  for  without  correct  data  the  most  elaborate  calculations 
servo  but  to  multiply  errors 
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PART  V. 

THE    GEOMETRICAL  PRINCIPLES  OF  ARCHITECTURE  AND 

THE  BUILDING  ARTS. 

THERE  are  several  principles  which  are  common  to  all  the  building  arts,  as  the  principles  of  finding 
the  sections  of  solids,  called  Stereotomy ;  of  drawing  the  exact  form  of  a  solid  on  a  plane  surface, 
called  Projection ;  of  finding  the  surfaces  that  exactly  cover  a  solid,  called  Development;  and  of  the 
construction  of  drawings  for  solids  of  double  curvature. 

SECTION    I. 

STEREOTOMY. 

STEREOTOMY  is  that  branch  of  Geometry  which  treats  of  the  sections  of  solids ;  and  of  their  appli- 
cation to  the  various  purposes  of  architecture. 

OF  PLANES. 

DEFINITIONS. 

1.  A  straight  line  is  perpendicular  or  at  right  angles  to  a  plane,  when  it  makes  right  angles  with 
every  straight  line  meeting  it  in  that  plane. 

2.  A  straight  line  is  parallel  to  a  plane,  when  both  the  straight  line  and  the  plane  may  be  extended 
indefinitely  without  meeting. 

3.  Two  planes  are  parallel  to  each  other  when  both  are  produced  indefinitely  without  meeting. 

4.  The  common  section  of  two  planes  is  a  straight  line.     For  any  two  points  in  the  common  sec- 
tion are  in  both  planes ;  but  a  plane  is  that  in  which  any  two  points  being  taken,  the  straight  line 
between  them  is  wholly  in  that  plane ;  therefore  the  straight  line  must  be  in  both  planes ;  and  since 
all  straight  lines  coincide  through  the  same  two  points,  the  common  section  is  a  straight  line. 

5.  The  angle  contained  by  two  straight  lines,  drawn  each  from  any  point  in  the  common  section 
of  two  planes  perpendicular  to  the  line  of  section  in  each  plane,  is  called  the  angle  or  inclination  of 
these  two  planes. 

6.  If  this  angle  be  a  right  angle,  the  planes  are  perpendicular. 

THEOREMS. 

1.  A  plane  which  passes  through  two  straight  lines  can  have  only  one  position. 

2.  If  a  straight  line  be  perpendicular  to  two  straight  lines  at  the  point  of  their  intersection,  it  is 
perpendicular  to  the  plane  in  which  these  lines  are. 

3.  If  a  straight  line  be  perpendicular  to  a  plane,  every  straight  line  parallel  to  that  straight  line 
is  perpendicular  to  the  plane. 
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4.  Two  planes  perpendicular  to  the  same  straight  line  are  parallel  to  each  other. 

5.  The  intersections  of  two  parallel  planes  with  a  third  plane  are  parallel. 

G.  A  straight  line  perpendicular  to  one  of  two  parallel  planes  is  also  perpendicular  to  the  other. 

7.  Parallel  straight  lines  intercepted  between  two  parallel  planes  are  equal. 

8.  If  two  straight  lines  meeting  one  another  be  each  parallel  to  each  of  two  others  that  meet  one 
another,  though  not  in  the  same  plane  with  the  first  two,  the  first  two  and  the  last  two  contain  equal 
angles,  and  the  plane  passing  through  the  first  two  is  parallel  to  the  plane  passing  through  the  last 
two. 

9.  If  three  straight  lines,  not  situate  in  the  same  plane,  are  equal  and  parallel  to  each  other,  the 
triangles  formed  by  joining  the  extremities  of  these  lines  are  equal,  and  their  planes  parallel. 

10.  If  two  straight  lines  be  cut  by  three  parallel  planes,  the  middle  plane  will  divide  the  finite 
lengths  of  the  lines  terminated  by  the  other  two  planes  in  the  same  ratio. 

11.  If  a  straight  line  be  perpendicular  to  a  plane,  every  other  plane  which  passes  along  that 
straight  line  shall  be  perpendicular  to  the  first  plane. 

12.  If  two  planes  be  perpendicular  to  each  other,  and  a  straight  line  be  drawn  in  one  of  them 
perpendicular  to  their  common  section,  the  straight  line  is  also  perpendicular  to  the  other  plane. 

13.  If  two  planes  be  perpendicular  to  a  third,  their  common  section  is  perpendicular  to  the  third. 

OF  SOLID  ANGLES. 

DEFINITION. 

A  SOLID  ANGLE  is  the  surface  formed  by  the  meeting  of  the  angular  points  of  more  than  two 
plane  angles  which  are  not  in  the  same  plane,  in  one  point ;  or  it  is  the  angular  space  comprised 
between  several  planes  meeting  in  one  point. 

THEOREMS. 

1.  If  a  solid  angle  be  formed  by  three  plane  angles,  the  sum  of  any  two  of  them  is  greater  than 
the  third. 

2.  The  sum  of  all  the  plane  angles  which  form  any  solid  angle  is  less  than  four  right  angles. 

3.  If  two  solid  angles  be  each  composed  by  three  plane  angles,  of  which  the  plane  angles  of  the 
one  solid  angle  are  respectively  equal  to  the  angles  of  the  other  solid  angle,  any  two  planes  of  the 
one  solid  angle  shall  have  the  same  inclination  as  the  corresponding  planes  of  the  other. 

OF   SOLIDS. 

DEFINITIONS. 

1.  A  solid  is  that  which  has  length,  breadth,  and  thickness. 

2.  A  prism  is  a  solid  contained  by  parallelograms  terminating  at  the  ends  in  two  parallel  plane 
figures. 

3.  The  parallel  plane  figures  are  called  the  bases  of  the  prism,  and  the  parallelograms  are  called 
the  sides,  which  taken  together  constitute  the  intermediate  surface. 

4.  The  altitude  of  a  prism  is  the  distance  between  its  bases. 

5.  A  prism  is  right  when  the  lateral  edges  are  each  perpendicular  to  the  plane  of  its  base ;  then 
each  of  them  is  equal  to  the  altitude  of  the  prism. 
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6.  A  prism  is  oblique  when  the  lateral  edges  are  not  perpendicular  to  the  bases. 

7.  A  prism  is  triangular,  quadrangular,  pentagonal,  hexagonal,  &c.  according  as  the  base  is  a 
triangle,  a  quadrilateral,  a  pentagon,  a  hexagon,  &c. 

8.  A  prism  which  has  a  parallelogram  for  one  of  its  bases,  is  called  a  parallelepiped. 

9.  A  parallelepiped  is  rectangular  when  all  its  faces  are  rectangles. 

10.  When  the  rectangles  are  squares,  the  parallelepiped  is  called  a  cube. 

11.  A  pyramid  is  a  solid  formed  by  more  than  two  plane  triangles,  of  which  one  of  the  angular 
points  of  each  triangle  terminates  in  the  same  point,  and  the  other  angular  points  terminate  in  a 
plane  figure. 

12.  The  triangles  which  unite  in  a  point  and  terminate  in  the  plane  figure,  are  called  the  sides  of 
the  pyramid ;  the  point  where  they  meet,  is  called  the  vertex ;  and  the  plane  figure  in  which  the 
sides  terminate,  is  called  the  base. 

13.  The  altitude  of  a  pyramid  is  the  perpendicular  drawn  from  its  vertex  to  the  plane  of  its  base. 

14.  A  pyramid  is  triangular,  quadrangular,  <fec.  according  as  the  base  is  a  triangle,  a  quadrangle, 
&c. 

15.  Two  solids  are  similar  when  they  are  contained  by  the  same  number  of  similar  planes,  simi- 
larly situated,  having  like  inclinations  to  each  other. 


CTLINDEE. 

1.  A  solid  generated  by  the  revolution  of  a  rectangle  about  one  of  its  sides,  which  remains  fixed, 
is  called  a  cylinder. 

2.  The  fixed  straight  line  of  the  rectangle  is  called  the  axis  of  the  cylinder. 

3.  The  two  circles  described  by  the  opposite  ends  of  the  rectangle  which  are  perpendicular  to  the 
axis,  are  called  the  ends  or  bases  of  the  cylinder. 

4.  The  surface  generated  by  the  side  of  the  rectangle  which  is  parallel  to  the  axis,  is  called  the 
convex  surface. 

5.  If  a  cylinder  be  cut  by  a  plane  parallel  to  the  axis,  the  least  portion  is  called  the  archoid  of  a 
cylinder. 

C.  The  portion  of  a  cylinder  contained  between  two  planes  passing  along  the  axis,  is  called  a 
scctroid  of  a  cylinder. 

7.  If  the  two  planes  of  a  sectroid  of  a  cylinder  form  a  right  angle  with  each  other,  the  sectroid  of 
the  cylinder  is  called  a  quadrantal  sectroid  of  a  cylinder. 

CYLINDKOID, 

OR  CYLINDRICAL  SOLID  HAVING  AN  ELLIPTICAL  BASE. 

1.  A  solid,  generated  by  the  motion  of  an  ellipsis  parallel  to  itself,  and  so  that  a  straight  lino  per- 
pendicular to  the  plane  of  the  ellipsis  will  coincide  with  the  convex  surface,  is  called  a  cylindroid. 

2.  The  two  equal  and  similar  ellipsis  are  called  the  ends  or  bases  of  the  cylindroid. 

3.  The  intermediate  surface  is  called  the  curved  surface. 

4.  A  straight  line  passing  through  the  centres  of  the  two  bases,  is  called  the  axis  of  the  cylindroid. 

5.  If  a  cylindroid  be  cut  by  a  plane  along  the  axis  or  parallel  to  it,  and  through  the  axis  of  one 
of  the  ends  or  parallel  to  it,  the  half  or  the  least  portion  of  the  cylindroid  is  called  the  archoid  of  a 
cylindroid. 
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CYLINOID, 
OR  SEGMENT  OF  A  CYLINDER,  OR  CYLINDROID. 

1.  A  solid  which  is  either  the  segment  of  a  cylinder  or  of  a  cylindroid,  or  compounded  partly  of  a 
prism,  and  partly  of  a  cylinder  or  cylindroid,  such  that  all  the  rectangular  sides  may  be  parallel  to 
the  axis  of  the  cylinder  or  cylindroid,  and  that  two  of  the  surfaces  of  the  solid  may  be  perpendicular 
to  that  axis,  is  called  a  cylinoid. 

2.  The  axis  of  the  cylinder  or  cylindroid  is  also  the  axis  of  the  cylinoid. 

3.  Each  of  the  two  surfaces  which  are  perpendicular  to  the  axis  of  the  cylinoid,  is  called  an  end 
of  the  solid. 

4.  If  a  cylinoid  be  cut  by  a  plane  obliquely  to  the  axis,  but  perpendicular  to  one  of  the  plane  sides 
which  joins  the  ends,  each  of  the  parts  is  called  the  ungula  of  a  cylinoid. 

5.  The  plane  of  the  cylinoid  which  joins  the  two  bases,  and  which  is  perpendicular  to  the  oblique 
section  to  the  axis,  is  called  the  determinating  plane. 

6.  The  end  of  the  ungula  which  is  perpendicular  to  the  axis,  is  called  the  right  end  of  the  ungula. 

7.  The  end  of  the  ungula  which  is  oblique  to  the  axis,  is  called  the  oblique  end  of  the  ungula. 

PROBLEM  I. 

Given  the  right  end  of  the  ungula  of  a  cylinoid,  and  the  determinating  plane,  or  plane  perpendicular  to 

the  oblique  end,  to  find  the  oblique  end. 


Fig.  1. 


GENERAL  RULE. 

Let  kKDd  be  the  determinating  plane  of  the  oblique  end,  KD 
being  the  line  of  position,  and  let  k  d  be  perpendicular  to  kK  or 
dD ;  then  on  k  d  describe  k  b  m  d,  the  right  end  of  the  figure. 
Draw  mP  parallel  to  dD  or  kK,  meeting  d  k  in  p,  and  DK  in  P, 
and  draw  PM  perpendicular  to  KD.  Make  PM  equal  to  p  m. 
In  the  same  manner  will  be  found  the  point  B,  making  QB  equal 
to  q  b :  a  sufficient  number  of  points  being  found  through  all  these 
points,  draw  a  curve,  and  we  shall  have  the  oblique  end  KBMD. 

SCHOLIUM. 

Upon  this  principle,  the  angle  ribs  of  groins  and  the  angle  brackets  of  coves  are  to  be  described, 
the  right  end  being  the  given  rib  or  bracket,  and  the  oblique  end  the  angle  rib  or  bracket  to  be 
found. 

Thus  let  the  determinating  plane  be  AacC,  and  the  given  rib  or  bracket  be  a  m  n  c,  the  angle  rib 
or  angle  bracket  will  be  AMNC. 


Fig.  2. 


Fig.  3. 
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The  given  angle  rib  or  angle  bracket  may  either  be  the  Fie-  *• 

quadrant  of  a  circle,  as  in  Fig.  2,  or  the  quadrant  of  an  ellipsis 
upon  either  axis,  as  in  Figs.  3  and  4.  In  Fig.  3  the  right  end 
of  the  ungula  stands  on  the  semi-axis  major,  and  in  Fig.  4  on 
the  semi-axis  minor.  In  each  of  these  three  cases,  the  oblique 
end  will  also  stand  on  the  axis  major  or  minor,  and  the  curve 
of  the  oblique  end  is  an  ellipsis,  and  may  therefore  be  described 
by  a  trammel.  (See  Conic  Sections,  Prob.  iii.) 

If  the  end  be  the  segment  of  a  circle  less  than  a  semicircle, 

Fig.  5.     Let  kKDd  be  the  determinating  plane  of  the  oblique  pjg. 

end,  and  let  k  b  d  be  the  right  end,  and  kD  the  line  of  posi- 
tion, and  let  c  be  the  centre  of  the  segment  k  b  d.  Through 
c,  draw  bR  parallel  to  kK  or  dD,  meeting  KD  in  R,  and  k  d 
in  r ;  and  through  R,  draw  hB  perpendicular  to  KD.  Make 
RB  equal  to  r  b,  and  make  BC  equal  to  b  c :  then  we  have 
given  a  semi-axis  BC,  and  a  point  D  in  the  curve  of  an  ellipsis ; 
therefore  the  semi-ellipsis  may  be  described  by  Prob.  iv.  and 
iii.  Conic  Sections. 

If  a  portion  m  b  d  of  the  outline  of  the 
end  or  base  k  d  b  m  n  1  be  an  arc  of  a  circle 
equal  to  one-fourth  of  the  entire  circum- 
ference, and  if  m  n  be  a  straight  line,  and 
joined  to  the  arc  m  b  d  as  a  tangent  at  m, 
the  curved  part  of  the  outline  of  the  oblique 
end  may  be  described  by  a  trammel,  and 
the  corresponding  part  to  m  n  will  be  found 
by  drawing  a  tangent  to  the  curve ;  thus, 
let  kKLl  be  the  determinating  plane,  and 
KL  the  line  of  position. 

Through  the  centre  c  of  the  arc 
m  b  d,  draw  the  straight  line  bR 
parallel  to  1L  or  kK,  meeting  k  1  in 
r,  and  KL  in  R.  Draw  RB  and 
KD  perpendicular  to  KL,  and  make 
RB  equal  to  rb,  and  KD  equal  to 
k  d  ;  also  make  BC  equal  to  b  c : 
then  here  are  given  a  semi-axis  CB, 
and  a  point  D  in  the  curve,  to  de- 
scribe the  ellipsis  or  the  portion 
MBD  required ;  which  being  done,* 
join  CD,  and  draw  MN  parallel  to 
CD,  and  draw  LN  perpendicular  to  KL. 

*  Or  through  C,  draw  Aa  parallel  to  LK,  and  from  D  as  a  centre,  with  the  distance  BC,  describe  an  arc  meeting  A« 

in  g.     Draw  Dg  to  meet  BC  prolonged  in  h.     Make  CA  and  Ca  each  (fqual  to  Dh;  then  the  ellipsis  or  a  portion  of  it 

df 
may  be  described  by  Prob.  iii.  Conic  Sections,  "^ 
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PROBLEM  IT. 
Given  the  oblique  end,  and  the  determinating  plane,  to  find  the  right  end  or  base. 


Fig.  8. 


GENERAL  METHOD. 

Let  kKDd  be  the  determinating  plane,  and  KBMD  be  the 
oblique  section.  Draw  PM  perpendicular  to  KD  the  line  of  posi- 
tion, meeting  KD  in  P,  and  draw  Pm  parallel  to  kK  or  dD, 
meeting  d  k  in  p.  Make  p  m  equal  PM,  and  the  point  m  will  be 
one  of  the  points  in  the  base.  In  the  same  manner  we  may  find 
as  many  points  as  we  please.  A  sufficient  number  of  points  being 
thus  found,  the  curve  may  be  traced. 

Or,  if  the  oblique  end  be  an  ellipsis,  or  any  given  portion  of  an  ellipsis,  or  of  a  circle,  the  base  or 
right  end  will  also  be  the  same  portion  of  an  ellipsis  or  circle,  and  may  therefore  be  described  by  a 
trammel. 

PROBLEM  III. 

The  base  or  right  end  of  the  ungula  of  a  cylinoid  being  given,  and  the  length  of  two  straight  lines  per- 
pendicular to  the  base  contained  between  two  points  in  the  outline  of  the  base  and  the  oblique  end,  to 
describe  that  oblique  end  so  that  it  may  pass  through  another  given  point  in  the  outline  of  the  base. 


A, 


Let  d  b  f  m  e  be  the  outline  of  the  base,  and  let  d,  f,  be  the 
two  points  on  which  the  perpendiculars  stand,  and  e  the  point 
through  which  the  oblique  end  is  to  pass. 

Through  the  point  f  draw  d  k,  and  draw  d  h  and  f  i  each 
perpendicular  to  d  k.  Make  d  h  equal  to  the  height  of  the 
straight  line  upon  the  point  d,  and  f  i  equal  to  the  height  of 
the  straight  line  upon  the  point  f.  Through  i  draw  h  k,  and 
through  e  draw  kG ;  and  through  any  point  G  in  kG,  draw 
Gt  perpendicular  to  kG.  Draw  dT  parallel  to  kG,  meeting 
Gt  in  t.  Make  tT  equal  to  d  h,  and  join  TG.  Then  if 
tdbfmeG  be  considered  the  end  of  the  ungula  of  a  prism, 
and  tTG  the  determinating  plane,  the  oblique  end  TDB  MEG 
may  be  found  by  the  General  Method,  Prob;  I.  Or  if  d  b  m 
be  an  arc  equal  to  the  fourth  part  of  the  whole  circle,  and  m  e 
perpendicular  to  the  radius  c  m ;  then,  in  the  oblique  end, 
the  curve  DBM  will  be  a  portion  of  the  semi-ellipsis  ADBMa, 
of  which  the  centre  is  C,  and  ME  parallel  to  CD  will  be  a  tangent  to  the  curve  at  the  point  M. 

The  most  usual  application  of  this  problem  is  to  find  the  moulds  for  the  hand-railing  of  stairs. 

CONE. 

DEFINITIONS. 

1.  A  cone  is  a  solid  generated  by  the  revolution  of  a  right-angled  triangle  about  one  of  the  sides 
containing  the  right  angle. 

2.  The  fixed  side  of  the  triangle,  about  which  the  side  perpendicular  to  ifand  the  hypothenuso 
revolves,  is  called  the  axis  of  the  cone. 
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3.  The  circle  described  by  the  revolution  of  the  side  of  the  triangle,  which  is  perpendicular  to  the 
axis,  is  called  the  lose  of  the  cone. 

4.  The  other  extremity  of  the  axis  which  does  not  terminate  in  the  base,  is  called  the  vertex  of  the 
cone. 

5.  The  surface  generated  by  the  hypothenuse  of  the  revolving  triangle,  is  called  the  convex  surface 
of  the  cone. 

6.  The  portion  of  a  cone  contained  between  two  planes  perpendicular  to  the  axis,  is  called  the 
frustum  of  a  cone. 

7.  The  portion  of  a  cone  contained  between  the  base  and  a  plane  cutting  the  axis  obliquely,  is 
called  the  ungula  of  a  cone. 

8.  The  portion  of  the  ungula  of  a  cone  contained  by  a  plane  which  is  perpendicular  to  the  base 
and  the  oblique  plane  to  the  axis,  and  which  also  passes  through  the  base,  is  the  semi-ungula  of  a 
cone. 


SECTIONS  OF  A  CONE. 

PROBLEM  IV. 

Given  the  triangular  section  DEF  of  a  right  cone  through  its  axis,  and  the  line  of  position  of  any  other 
section  of  the  cone  perpendicular  to  the  plane  of  the  triangular  section,  to  find  that  other  section  of  the  cone. 


CASE  1. 

Let  Gil  be  the  line  of  position  meeting  both  sides  DE,  DF  of  the 
cone,  or  DE  DF  produced  ;  then  this  position  of  the  cutting  piano  will 
cause  the  section  to  be  an  ellipsis  ;  therefore  proceed  as  follows : 

Bisect  GH  in  i,  Fig.  10,  and  through  i  draw  k  1  parallel  to  EF,  the 
base  of  the  triangular  plane,  meeting  DE  in  k,  and  DF  in  1. 

In  Fig.  12,  draw  the  straight  lines  Aa,  Bb  at  right  angles,  meeting 
each  other  in  C.  Make  CA,  Ca,  each  equal  to  iG  or  iH,  Fig.  10,  and 
make  CB,  Cb,  each  equal  to  a  mean  proportional  between  Lk  and  i  1, 
Fig.  10 ;  then,  on  the  two  axes  Aa,  Bb,  describe  the  ellipsis  AB  a  b, 
which  will  be  the  section  of  the  cone  for  this  position  of  the  line  GH, 
Fig.  10. 

In  order  to  refresh  the  reader's  memory,  the  method  of  finding  the 
mean  proportional  is  exhibited  at  Fig.  11,  in  this  and  also  in  the  fol- 
lowing case.  See  Prob.  xl.  Geometry.  And  for  the  method  of  describ- 
ing the  ellipsis,  see  Conic  Sections,  Prob.  iii. 


Fig.  12. 
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CASE  2. 

Let  the  straight  line  GH,  Fig.  13,  meet  the  section  CEF, 
which  passes  through  the  axis  of  the  cone  in  G,  and  the  section 
C  e  f  of  the  opposite  cone  in  the  same  plane  in  H. 

Bisect  GH  in  i,  and  draw  i  1  perpendicular  to  the  axis  of 
the  cone,  meeting  Ff  in  k,  and  Ee  in  1.  Find  a  mean  propor- 
tional between  i  k  and  i  1,  and  let  i  n,  Fig.  14,  be  the  mean 
proportional.  Draw  Aa  Fig.  15.  From  C  in  Aa  make  CA, 
Ca,  each  equal  iG  or  iH,  Fig.  13.  Now  having  the  transverse 
axis  Aa,  and  the  semi-conjugate  i  n,  the  opposite  hyperbolas 
may  be  described. 


SCHOLIUM. 

If  the  lineGH  be  parallel  to  the  axis  RS,  Fig.  16,  then  the 
points  i,  k  will  coincide  with  C,  and  Ci  will  then  be  the  semi- 
conjugate  axis  ;  and  if  GA  and  Ha  be  drawn  perpendicular  to 
GH,  meeting  RS  in  A,  a,  then  Aa  will  be  the  transverse  axis. 
And  because  AG  and  aH  are  each  equal  to  Ci,  and  that  Aa 
is  bisected  in  C,  and  the  two  straight  lines  Ee,  Ff,  pass  through 
the  points  G,  C,  H,  the  two  straight  lines  Ee,  Ff,  are  asymp- 
totes to  an  hyperbola,  of  which  the  transverse  axis  is  Aa,  and 
the  semi-conjugate  Ci ;  therefore  the  curve  may  be  described 
by  Prob.  xix.,  Conic  Sections. 
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CASH  3. 

If  the  line  GK  be  parallel  to  one  side  CB  of  the  cone,  and 
CE  and  OF  equal  to  each  other,  the  line  GK  meeting  EF  in 
K;  then  if  AB,  Fig.  19,  be  made  equal  to  GK,  and  Dd  be 
drawn  perpendicular  to  AB,  and  BD,  Bd  be  made  each  equal 
to  k  n,  Fig.  18,  a  mean  proportional  between  EK,  KF,  Fig. 
17  ;  and,  lastly,  if  a  parabola  be  described  upon  the  abscissa 
AB,  and  upon  the  semi-ordinate  BD  or  Bd  ;  this  curve  will  be 
the  section  of  the  cone  through  GK,  Fig.  17.  See  Conic  Sec- 
tions, Prob.  xxxi. 


CONOID. 

• 

DEFINITIONS. 

1.  If  the  portion  of  a  conic  section  contained  by  the  axis,  an  ordinate,  and  the  part  of  the  curve 
between  them,  be  revolved  round  the  axis  which  remains  fixed,  the  solid  generated  is  called  a  conoid. 

2.  The  axis  of  the  generating  figure  is  called  the  axis  of  the  conoid. 

3.  The  surface  of  the  solid  generated  by  the  curve,  is  called  the  curved  surface  of  the  conoid. 

4.  The  side  of  the  solid  generated  by  the  oHiinate,  is  called  the  base  of  the  conoid. 

5.  If  the  conoid  be  cut  by  a  plane  parallel  to  its  base,  the  part  of  the  solid  contained  between  the 
base  and  the  cutting  plane  is  called  a  none  of  a  conoid. 

6.  If  the  curve  of  the  generating  figure  be  an  arc  of  an  ellipsis,  the  solid  is  called  an  elliptic  conoid. 

7.  If  the  curve  of  the  generating  figure  be  an  arc  of  an  hyperbola,  the  solid  is  called  an  hyperbolic 
conoid. 

8.  If  the  curve  of  the  generating  figure  be  an  arc  of  a  parabola,  the  solid  is  called  &  parabolic  conoid. 

9.  A  portion  of  a  conoid  contained  between  two  planes  which  meet  the  axis,  and  which  are  perpen- 
dicular to  the  base,  is  called  the  sectroid  of  a  conoid. 

These  Definitions  also  include  some  of  those  belonging  to  the  sphere  and  the  cone. 


GENERAL  PROPERTY. 

,    Every  two  parallel  sections  of  a  conoid  are  similar  figures.     Hence,  if  any  section  of  a  conoid  be 
given,  any  section  parallel  to  that  section  may  be  found. 
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CUNEOID, 

OR  WEDGE  FORMED   SOLID. 

DEFINITIONS. 

1.  A  cuneoid  is  a  solid  terminating  in  a  straight  line  at  one  end,  and  in  a  plane  parallel  to  that 
straight  line  at  the  other,  in  such  a  manner  that  another  straight  line  perpendicular  to  the  first,  from 
any  point  in  it,  may  coincide  with  the  intermediate  surface. 

2.  The  straight  line  in  which  the  solid  terminates,  is  called  the  directing  edge  of  the  solid. 

3.  The  plane  figure  is  called  the  lose  or  end  of  the  solid. 

4.  The  straight  line  passing  through  the  centre  of  the  base  perpendicular  to  the  directing  edge, 
is  called  the  axis. 

5.  The  triangular  section  which  passes  along  the  axis,  is  called  the  principal  triangle. 

6.  The  rectangular  section  which  passes  along  the  axis,  is  called  the  principal  rectangle. 

7.  If  a  cuneoid  having  the  principal  triangular  section  for  a  side  be  cut  by  a  plane  perpendicular 
to  that  side,  the  portion  of  the  solid  which  contains  the  base,  is  called  the  ungula  of  that  cuneoid. 

8.  The  side  of  the  ungula  which  is  oblique  to  the  axis  and  to  the  principal  triangle,  is  called  the 
oblique  section. 

9.  The  part  of  the  principal  triangle  contained  between  the  base  and  the  oblique  end,  is  called  the 
determinating  side. 


PROBLEM  V. 

• 

Given  the  determinating  side  of  the  ungula  of  a  cuneoid  in  the  plane  of  the  principal  triangle  and  the  lase 

of  the  solid,  to  find  the  oblique  end. 


Let  aADd  be  the  determinating  side  of  the 
solid,  a  b  md  the  base,  and  AD  the  base  line  of 
the  oblique  end. 

Draw  p  m  perpendicular  to  a  d,  meeting  a  d  in 
p.  Prolong  dD,  aA  to  meet  in  E.  Draw  pE, 
meeting  AD  in  P,  and  draw  PM  perpendicular 
to  AD.  Make  PM  equal  to  p  m,  and  M  will  be 
a  point  in  the  curve  ;  in  this  manner  we  may 
find  as  many  points  as  will  be  necessary  to  describe  the  curve  ABMD. 


Fig.  20. 


PROBLEM  VI. 

Given  the  oblique  end  ABMD  of  the  ungula  of  a  cuneoid  and  the  determinating  side  dDAa  in  the  plane 
of  the  principal  triangle,  to  fmd  the  base  of  the  solid. 

In  AD  take  any  point  P,  and  draw  PM  perpendicular  to  AD.  Through  P  draw  Ep,  meeting  a  d 
in  p.  Draw  p  m  perpendicular  to  a  d,  and  make  p  m  equal  to  PM,  and  m  will  be  a  point  in  the 
curve  of  the  base.  In  the  same  manner,  as  many  points  may  be  found  as  will  be  necessary  to  draw 
the  curve  a  b  m  d  of  the  base. 
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PROBLEM  VII. 

Given  the  determinating  side  of  a  semi-cuneoid  upon  the  plane  of  the  principal  rectangle  and  the  base  of 
the  solid,  to  find  the  section  of  the  solid  parallel  to  the  base  through  a  given  straight  line  in  the  plane  of 
the  principal  rectangle. 

Let  aEFd  be  the  plane  of  the  principal  rectangle,  and  a  mf  b  m  d  Fig.  21. 

the  base  of  the  solid,  and  let  AD  parallel  to  a  d  be  the  given  line 
of  section. 

Bisect  ad  in  c,  and  through  c  draw  Gb  parallel  to  Fd  or  Ea, 
meeting  EF  in  G.  In  cb  take  cp  any  convenient  distance  from 
c,  and  through  p  draw  m  m'  parallel  to  a  d.  In  c  a  or  c  d  make 
c  q  equal  to  c  p,  and  draw  Gq  meeting  AD  in  Q.  In  CG,  make 
CP  equal  to  CQ,  and  through  P  draw  M  M'  parallel  to  AD.  Make 
PM  equal  to  p  m,  PM'  equal  to  p  m',  and  the  points  M,  M',  will  be  in  the  curve. 

In  the  same  manner,  as  many  points  may  be  obtained  as  will  be  found  necessary  to  trace  the  curve 
AM'BMD. 

If  the  base  am'b  m  d  be  an  ellipsis,  the  curve  AM'BMD  will  be  an  ellipsis  also  ;  and  therefore, 
if  CB  the  semi-conjugate  axis  be  found,  the  curve  AM'BMD  may  be  described  by  a  trammel. 

That  the  curve  is  an  ellipsis  may  be  shown  thus: — 

CB  :  CP::  cb  :  cp; 

and  CD  and  PM  are  each  equal  to  c  d,  pm ;  therefore,  by  Prob.  v.,  Conic  Sections,  the  curve  is  aii 
ellipsis. 

This  may  be  applied  to  the  description  of  the  ribs  for  a  hollow  in  the  ceiling,  as  of  that  under  the 
gallery  of  the  church,  in  Waterloo  Place. 

SPHEBE. 

DEFINITIONS. 

1.  A  solid  generated  by  the  revolution  of  a  semicircle  about  its  containing  diameter  which  remains 
fixed,  is  called  a  sphere. 

2.  The  diameter  of  the  semicircle  which  remains  fixed,  is  called  the  axis  of  the  sphere. 

3.  The  centre  of  the  semicircle  is  called  the  centre  of  the  sphere. 

4.  The  surface  generated  by  the  semicircular  arc,  is  called  the  curved  surface  of  the  sphere. 

5.  The  portion  of  a  sphere  contained  by  a  part  of  the  curved  surface  and  a  plane,  is  called  the 
segment  of  a  sphere. 

6.  The  portion  of  a  sphere  contained  between  two  parallel  planes,  is  called  a,  frustum  or  zone  of  the 
sphere. 

7.  The  plane  of  the  segment  of  a  sphere  is  called  the  base. 

8.  If  the  base  pass  through  the  centre  of  a  sphere,  the  segment  is  called  a  hemisphere. 

9.  The  portion  of  a  sphere  contained  between  two  planes  passing  through  the  centre,  is  called  the 
sectroid  of  a  sphere. 

10.  The  portion  of  a  sphere  contained  between  any  two  planes  of  which  their  intersection  does  not 
pass  through  the  axis,  is  called  an  imperfect  sectrum  of  a  sphere. 


GENERAL  PROPERTY. 


Every  section  of  a  sphere  is  a  circle. 


2  Y 


354 


GEOMETRICAL  PRINCIPLES  OF  ARCHITECTURE. 


[PART  V. 


PROBLEM  VIII. 


Given  the  line  of  common  section  of  the  two  circular  segments  of  the  sectrum  of  a  sphere,  the  inclination 
of  their  planes,  and  the  versed  sine  of  each  segment,  to  find  the  radius  of  the  great  circle  perpendicular 
to  the  line  of  common  section. 


Let  AB  be  the  line  of  common  section.  Bisect  AB  by  a  perpen- 
dicular CD,  meeting  AB  in  e. 

Draw  the  line  e  f,  making  the  angle  Cef  equal  to  the  angle  of  incli- 
nation of  the  two  planes.  Make  eC  equal  to  the  versed  sine  of  the 
one  segment,  and  e  f  equal  to  the  versed  sine  of  the  other.  Through 
the  three  points  A,  C,  B,  describe  the  circumference  ACBD  of  a  cir- 
cle ;  also  find  the  centre  g  of  a  circle  that  will  pass  through  the  three 
points  D,  f,  C  ;  then  will  gC  or  gD  be  the  radius  of  the  sphere  required. 


Fig.  22. 


SOLIDS  OFEEVOLUTION. 

DEFINITIONS. 

1 .  If  a  plane  figure  which  has  one  straight  edge  be  revolved  about  that  straight  edge,  so  that  any 
point  in  the  figure  may  just  describe  a  circle,  the  solid  formed  is  called  a  solid  of  revolution. 

2.  The  fixed  straight  line  is  called  the  axis  of  the  solid. 

3.  If  a  solid  have  a  side  which  is  a  plane  figure  perpendicular  to  the  axis,  this  perpendicular  side 
is  called  the  base  of  the  solid. 

4.  The  section  of  the  solid  passing  through  the  axis  is  called  the  axal  section ;  and  each  part  of  the 
axal  section  on  each  side  of  the  axis,  is  called  a  radial  or  radial  section. 

5.  A  portion  of  the  solid  comprehended  between  two  planes  which  meet  together  in  the  axis,  is 
called  a  sectroid  of  a  solid  of  revolution. 

6.  If  the  solid  be  cut  by  any  plane  inclined  or  parallel  to  the  axis,  and  if  this  inclined  plane  be  cut 
perpendicularly  by  another,  plane  passing  through  the  axis,  the  line  of  section  in  the  oblique  or  paral- 
lel section  is  called  the  axis  of  that  oblique  section,  or  of  that  parallel  section. 

7.  A  straight  line  drawn  in  the  plane  of  the  oblique  section  or  parallel  section,  perpendicular  to 
the  axis  of  this  section,  and  terminated  by  the  outline  of  the  section,  is  called  a  double  ordinate. 

8.  The  axal  section  perpendicular  to  the  oblique  or  parallel  section,  is  called  the  determinating 
section. 


GENERAL  PROPERTIES. 


All  the  sections  of  a  solid  of  revolution  parallel  to  the  base  are  circles. 

An  ordinate  of  any  oblique  section  is  a  mean  proportional  between  the  two  segments  of  the  straight 
line  which  passes  through  the  intersection  of  the  double  ordinate,  perpendicularly  to  the  axis  of  the 
solid,  and  which  is  terminated  by  the  surface  of  that  solid. 
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PROBLEM  IX. 

To  describe  any  oblique  section  of  a  solid  of  revolution,  the  position  of  the  cutting  plane  being  given  in 

the  determinating  section. 

Let  V WX  be  the  determinating  section,  s  u  the  axis  or  line 
of  the  oblique  section,  VZ  the  axis. 

Through  h,  any  convenient  point  in  sn,  draw  fg  perpen- 
dicular to  VZ,  meeting  the  opposite  sides  of  the  determinating 
section  in  f  and  g.  Find  h  i  in  Fig.  24,  a  mean  proportional 
between  fh  and  h  g.  In  Fig.  25,  make  Aa  equal  to  s  n,  AP 
equal  to  s  h,  and  Pa  equal  to  h  n.  Through  P  draw  MM'  per- 
pendicular to  Aa.  Make  PM  and  PM'  each  equal  to  the  mean 
proportional-  h  i,  and  the  points  M,  M'  will  be  in  the  curve ; 
and  thus  the  curve  may  be  drawn  through  a  sufficient  number 
of  points  found  in  the  same  manner  as  the  points  M,  M'. 

This  method  may  be  applied  to  determine  the  form  of  oblique 
braces  for  a  dome  on  a  circular  base. 


PROBLEM  X. 

To  find  the  section  of  a  solid  of  revolution  by  a  plane  parallel  to  the  axis;  when  the  generating  figure 
and  the  position  of  the  line  of  section  on  the  base  of  the  solid  are  given. 

Let  AaEFg  be  the  base  of  the  solid,  Aa  the  line  of  section,  o  g  m  b  d  Fig.  26. 

the  generating  figure,  and  o  g  the  line  in  which  it  meets  the  base,  o  d 
being  the  altitude  of  the  figure. 

Draw  oB  perpendicular  to  Aa,  meeting  Aa  in  C.  From  the  centre 
o  with  the  radius  oC,  describe  an  arc  Cc,  meeting  o  g  in  c,  and  draw 
c  b  perpendicular  to  o  g.  Make  CB  equal  to  c  b,  and  B  is  the  summit 
or  vertex  of  the  curve. 

In  like  manner  from  o  with  any  convenient  radius  greater  than  oC, 

but  less  than  o  g,  describe  the  arc  pPP',  meeting  o  g  in  p,  and  AC  in  P,  P.  Draw  p  m  perpendicu- 
lar to  og,  and  PM,  PM'  perpendicular  to  CA.  Make  PM,  PM'  each  equal  to  pm,  and  the  points 
M,  M'  will  be  in  the  curve. 

A  sufficient  number  of  points  being  found  in  this  manner,  the  curve  AMBM'a  may  bo  traced 
through  them. 


SCHOLIUM. 


In  a  sphere,  a  spheroid,  a  cylinder,  a  cone,  and  the  three  conoids,  being  solids  of  revolution,  the 
section  may  be  described  either  by  the  rules  peculiar  to  each  of  these  solids,  or  by  the  general  rules 
for  solids  of  revolution. 
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ELLIPSOID. 

DEFINITIONS. 

1.  A  solid,  of  which  all  its  sections  are  similar  ellipses,  similarly  situated,  and  perpendicular  to  a 
straight  line  passing  through  their  centres,  so  that  every  ellipsis  may  have  one  of  its  axes  in  a  section 
of  the  solid  which  is  also  an  ellipsis,  is  called  an  ellipsoid. 

2.  The  section  of  the  solid  in  which  all  the  axes  of  the  ellipses  are  situated,  is  called  the  determi- 
nating ellipsis. 

3.  The  centre  of  the  determinating  ellipsis  is  called  the  centre  of  the  ellipsoid. 

4.  The  line  passing  through  the  centre  perpendicularly  to  the  determinating  ellipsis,  and  termi- 
nated by  the  surface  of  the  solid,  is  called  the  axis  of  the  solid. 

5.  A  portion  of  the  solid  cut  off  by  the  determinating  ellipsis,  is  called  a  hemi-ellipsoid. 

6.  In  a  hemi-ellipsoid,  the  determinating  ellipsis  is  called  the  lose  of  the  solid. 

7.  The  portion  of  an  ellipsoid  or  of  a  hemi-ellipsoid  contained  between  planes  meeting  each  other 
ip  the  axis  of  the  solid,  is  called  a  sectroid  of  an  ellipsoid,  or  sectroid  of  a  hemi-ellipsoid. 

8.  The  portion  of  the  base  of  the  solid  which  remains  with  the  sectroid,  is  called  the  lose  of  the 
sectroid.  « 

9.  The  two  surfaces  which  meet  the  axis,  are  called  the  radial  sides. 


GENERAL  PROPERTIES  OF  THE  ELLIPSOID. 

1.  Every  section  of  the  solid  is  an  ellipsis. 

2.  Every  section  of  the  solid  perpendicular  to  the  determinating  ellipsis,  has  one  of  its  axes  in  the 
plane  of  the  determinating  ellipsis,  and  has  the  other  perpendicular  to  that  plane. 

3.  Any  two   sections  of  the   solid  cut  by  parallel  planes,  are   similar  ellipses  and   similarly 
situated. 

Hence,  if  one  of  the  parallel  sections  be  given,  the  other  may  be  found  by  having  one  of  its  axes 
given. 

4.  If  the  sectroid  of  a  hemi-ellipsoid  be  cut  by  a  plane  parallel  to  the  axis  of  the  solid,  and  par- 
allel to  the  chord  which  joins  the  two  ends  of  the  curve  in  the  base  of  the  sectroid,  the  points  in 
which  the  cutting  plane  meets  the  curves  of  the  radial  sides  are  equally  distant  from  the  base. — 
This  principle  is  applied  in  Plate  5,  plan  and  elevation,  Figs.  3  and  4,  which  is  of  the  greatest 
use  in  the  construction  of  niches,  domes,  &c.  where  the  ellipsoidal,  or  the  hemi-ellipsoidal,  form  is 
employed. 

5.  If  through  any  given  point  in  the  curve  of  one  of  the  radial  sides,  a  straight  line  be  drawn 
parallel  to  the  chord  of  the  base,  the  straight  line  thus  drawn  will  meet  the  curve  of  the  other  radial 
side. 

6.  Hence,  a  cylindric  surface,  or  cylindroidic  surfaces,  may  be  made  to  pass  through  the  curves 
of  both  radial  sides. 
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PROBLEM  XI. 

Given  tlie  base  of  a  hemi-ellipsoid,  and  the  height  of  the  axis  above  the  base,  to  find  a  section  of  the  solid 
parallel  to  the  axis  to  pass  along  any  given  chord  in  the  base. 

Let  AaEFD  be  the  base  of  the  solid,  o  the  centre  of  the  base,  and  F'S  27. 

Aa  the  line  of  section.  Through  o,  draw  o  q  perpendicular  to  DE, 
and  make  o  q  equal  to  the  height  of  the  axis ;  join  Eq.  Bisect  Aa 
in  C,  and  draw  CB  perpendicular  to  Aa.  Make  the  angle  CaB  equal 
to  the  angle  oEq.  Upon  the  axis  Aa  and  semi-axis  CB  describe  the 
semi-ellipsis  ABa,  which  is  the  section  of  the  solid  required. 

PROBLEM  XII. 

Given  th'e  base  of  a  hemi-ellipsoid  and  the  height  of  the  axis,  to  find  the  radial  section  upon  any  given 

line  in  the  base  of  the  solid. 


Let  ADE  be  the  base  of  the  solid,  AC  the  base  line  of  the  radial 
section.  Draw  CB  perpendicular  to  CA,  and  make  CB  equal  to 
the  height  of  the  axis.  Upon  the  semi-axes  AC  and  CB  describe 
the  elliptic  arc  AB,  which  is  the  quadrant  of  the  whole  curve,  and 
ABC  is  the  radial  section  required. 


Fig.  28. 


DOMOID. 


DEFINITIONS. 

1.  If  a  solid  has  one  plane  side,  and  if  any  portion  of  the  solid,  contained  between  two  planes 
which  meet  each  other  in  a  line  perpendicular  to  that  side,  be  cut  by  any  two  planes  parallel  to  that 
same  side,  and  the  two  sections  be  similar  figures,  the  solid  is  called  &<domoid. 

2.  The  perpendicular  is  called  the  axis  of  the  domoid. 

3.  The  side  of  the  solid  to  which  the  axis  is  perpendicular,  is  called  the  base  of  the  domoid. 

4.  A  portion  of  a  domoid  contained  between  two  planes  passing  along  the  axis  of  the  solid,  is  called 
the  sectroid  of  a  domoid. 

5.  The  two  sides  of  the  sectroid  of  a  domoid  which  meet  the  axis  of  the  solid,  are  called  the  radial 
sides  of  that  sectroid. 

6.  The  plane  of  the  sectroid  which  is  perpendicular  to  the  axis,  is  called  the  base  of  the  sectroid. 

7.  The  two  straight  edges  of  the  base  which  meet  in  the  axis,  are  called  the  radials  of  the  base  of 
the  sectroid. 

8.  The  portion  of  the  surface  of  a  domoid  which  is  not  the  base,  is  called  the  curved  surface  of 
that  domoid. 

9.  If  a  domoid  be  cut  by  a  plane  parallel  to  the  plane  of  the  base,  the  portion  of  the  solid  com- 
prehended between  the  two  parallel  planes  is  called  a  truncated  domoid. 

10.  In  each  radial  side  of  the  sectroid  of  a  domoid,  the  curve  at  the  meeting  of  that  radial  side 
and  the  curved  surface  of  the  solid  is  called  the  curve  of  that  radial  side. 
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11.  If  the  curve  of  the  radial  section  of  a  domoid  be  convex  without  the  figure,  and  the  base  be  a 
circle  greater  than  any  of  its  parallel  sections,  the  solid  is  called  a  cupoloid. 

PROBLEM  XIII. 

Given  the  base  of  a  domoid,  a  radial  section,  and  the  position  of  the  line  of  section  in  the  base,  to  find 
another  radial  section  passing  through  any  given  line  in  that  base. 

Let  AaDEF  be  the  base  of  the  domoid,  a  m  b  C  the  given  section, 
aC  its  line  of  section  ;  and  let  AC  be  the  line  in  which  the  required 
radial  section  meets  the  base.  Join  Aa.  Draw  pP  parallel  to  Aa, 
meeting  aC  in  p,  and  AC  in  P.  Draw  p  m  perpendicular  to  aC, 
and  PM  perpendicular  to  AC ;  make  PM  equal  to  p  m,  and  M  is 
a  point  in  the  curve. 

Hence,  if  the  curve  of  the  given  section  a  m  b  be  the  quadrantal 
arc  of  an  ellipsis,  the  curve  AMB  to  be  found  will  also  be  the  quad- 
rantal arc  of  an  ellipsis  or  of  a  circle ;  and  therefore  the  curve  may 
be  described  by  a  trammel,  the  axis  CB  being  equal  to  Cb. 

But  if  the  curve  has  no  peculiar  property,  we  may  find  as  many 
points  as  will  be  necessary  to  trace  the  curve  in  the  same  manner 
as  the  single  point  was  found. 


UNGULUS. 

DEFINITIONS. 

1.  The  portion  of  a  cylindroid  comprehended  between  two  planes  which  meet  each  other  in  a 
point  of  the  axis,  and  which  have  their  line  of  concourse  parallel  to  one  of  the  axes  of  the  ends,  is 
called  an  ungulus. 

2.  If  an  ungulus  be  cut  into  two  parts  by  a  plane  perpendicular  to  the  line  of  concourse,  each  of 
the  parts  is  called  a  segment  of  an  ungulus. 

3.  The  side  of  the  segment  of  an  ungulus  which  is  perpendicular  to  the  line  of  concourse,  is  called 
the  base  of  the  solid. 

4.  The  two  sides  which  are  perpendicular  to  the  base,  are  called  the  radial  sides. 

5.  The  line  of  concourse  in  which  the  radial  sides  meet,  is  called  the  axis  of  the  ungulus  or  of  the 
section  of  the  ungulus. 

6.  The  straight  line  in  which  the  curved  surface  and  the  base  meet  each  other,  is  called  the  line 
of  subtense. 

7.  When  the  two  radial  sides  of  an  ungulus  or  of  the  segment  of  an  ungulus  are  equal,  the  solid 
is  called  an  isosceles  ungulus,  or  an  isosceles  segment  of  an  ungulus. 

8.  When  an  ungulus  is  cut  by  a  plane  parallel  to  its  base,  the  part  of  the  solid  contained  between 
the  two  parallel  planes  is  called  the  frustum  of  an  ungulus. 

We  have  so  far  confined  our  definitions  to  geometrical  solids ;  to  these  however  there  are  several 
to  add  which  are  peculiar  to  architecture :  we  shall  commence  with  the  species  introduced  by  the 
Roman  architects,  and  follow  in  the  order  of  their  introduction,  or  nearly  so,  till  we  arrive  at  the 
most  complex  species  used  in  florid  Gothic  architecture. 
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AECHITECTUEAL  SOLIDS. 

DEFINITIONS. 

1.  The  art  of  combining  the  various  geometrical  figures  and  solids  in  the  formation  of  the  exterio 
and  interior  parts  of  an  edifice,  is  called  the  geometry  of  architecture. 

2.  Plane  figures  which  can  be  so  divided  into  two  parts,  that,  when  the  one  part  is  applied  to  the 
other,  their  boundaries  may  coincide,  are  called  symmetrical  figures. 

3.  The  straight  line  which  divides  a  symmetrical  figure  into  two  equal  and  similar  figures,  is  called 
the  line  of  symmetry. 

4.  When  one  side  of  a  room  or  the  front  of  an  edifice  is  so  constructed  that  it  can  be  cut  into  two 
such  parts  by  a  vertical  plane,  and  that  a  straight  line  passing  from  any  point  in  that  front,  perpen- 
dicularly to  that  plane,  will  meet  another  point  of  that  front  on  the  other  side  of  the  plane  at  the 
same  distance  from  it  as  the  first  point,  that  side  or  front  is  said  to  be  symmetrical. 

5.  The  plane  which  thus  divides  the  front  of  a  building  into  two  equal  and  similar  parts,  is  called 
the  plane  of  symmetry. 

In  the  decoration  of  walls,  and  in  the  construction  of  the  front  of  an  edifice,  the  plane  of  symmetry 
is  always  vertical. 

6.  The  surface  of  a  room  which  is  opposite  to  the  floor  is  called  the  ceiling. 

7.  When  the  ceiling  of  a  room  is  composed  of  one  or  more  of  the  concave  surfaces  of  one  or  more 
geometrical  solids,  the  ceiling  is  called  a  vault  or  vaulted  ceiling. 

8.  When  the  vaulted  ceiling  is  that  of  the  concave  surface  of  an  archoid  having  its  axal  plane 
vertical,  the  ceiling  is  called  an  arched  ceiling. 

9.  When  the  ceiling  is  the  concave  surface  of  a  domoid  having  a  circular  or  elliptic  base,  and  its 
axis  in  a  vertical  position,  the  ceiling  is  called  a  dome  or  cupola. 

10.  When  the  ceiling  is  of  the  form  of  a  pendentrix,  it  is  called  a  pendented  ceiling. 

11.  The  parts  which  are  terminated  by  the  sides  and  the  base  of  the  solid,  are  called  pendentives. 

12.  When  the  ceiling  is  in  the  form  of  a  groinoid,  it  is  called  a  groined  ceiling,  or  cross  vault. 

,  13.  When  a  ceiling  which  meets  each  of  the  walls  in  the  concave  surface  of  the  segment  of  an 
archoid,  and  the  inner  edges  of  the  surfaces  of  the  archoids  meet  the  edges  of  a  plane  surface  form- 
ing the  middle  of  the  ceiling,  so  that  the  bases  of  the  archoids  may  be  horizontal,  and  each  axal 
plane  parallel  to  each  wall,  the  ceiling  is  called  a  coved  ceiling,  and  the  archoidal  surfaces  coves. 

ILLUSTRATION  OF  ARCHITECTURAL  SOLIDS. 
[Plates  CXXIJ.  and  CXXIII.'] 

Fig.  1,  Plate  CXXIL,  is  called  an  arched  vault  when  applied  to  vaulting,  but  it  is  called  an 
archoid  when  considered  as  a  geometrical  solid.  Any  perforation  in  a  building  covered  with  an 
arched  vault,  is  called  an  arch-way  ;  but  when  the  ends  are  shut  and  form  a' room,  that  room  is  said 
to  be  vaulted. 

Figs.  2,  3,  and  4,  represent  domes ;  such  figures  are  called  domoids  when  considered  as  geometrical 
solids,  but  when  applied  to  building  they  represent  the  external  appearance  of  domes.  Domes  upon 
elliptic  plans  are  only  used  internally  with  regard  to  their  concave  surface.  Polygonal  domes  upon 
octagonal  plans  are  used  both  externally  and  internally,  but  those  upon  any  other  plan  very  rarely. 
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All  circular  domes  are  comprehended  under  the  general  name  of  conoidal  domes ;  of  these  the  hemi- 
spheric dome,  exhibited  in  Fig.  2,  is  frequently  used,  as  also  the  lesser  segments  of  spheres  and 
frustums  of  spheres.  Figs.  3  and  4  represent  domes  upon  polygonal  plans ;  of  these  octagonal  domes 
are  most  frequently  executed. 

Figs.  5,  6,  7,  8,  in  geometry  called  pendentoids,  from  the  hanging  portions  of  the  curved  surface 
that  are  terminated  against  the  sides,  or  the  sides  and  base  of  the  solid.  These  solids  have  no 
technical  name  in  architecture,  at  least  none  used  by  our  architects.  Alberti,  one  of  the  famous 
restorers  of  Roman  architecture,  calls  such  a  solid  as  Fig.  5,  6,  or  8,  when  employed  in  the  internal 
construction  of  an  edifice,  a  vellar  cupola,  from  its  resembling  the  sail  of  a  ship  when  fully  extended 
by  the  wind.  One  of  the  pendentives  of  each  of  the  solids  represented  by  Figs.  5,  6,  8,  is  marked 
abcde,  and  the  pendentive  in  Fig.  7  is  marked  abcdef.  The  vaultings  of  the  nave  and  aisles  of 
St.  Paul's  Cathedral,  London,  are  formed  by  a  combination  of  concave  pendentoids.  Fig.  7  oc  :\  is 
mostly  in  arched  passages  piercing  a  dome. 

Figs.  9  and  10  are  termed  in  building  groined  vaults,  geometrically  called  groinoids.  These  figures 
are  either  applicable  to  rooms  of  four  or  eight  sides,  or  to  cross  passages.  Fig.  9  is  also  frequently 
employed  in  the  vaultings  of  cellers  as  well  as  in  magnificent  apartments.  Here  the  lines  in  which 
the  curved  surfaces  of  the  arched  vaults  meet  each  other,  are  called  groins.  Those  who  reside  in 
London  may  avail  themselves  of  the  opportunity  of  seeing  groined  vaults,  such  as  Fig.  9,  executed 
in  stone  in  the  passage  under  the  building  called  the  Horse  Guards,  leading  from  Charing  Cross  to 
St.  James's  Park. 

Fig.  11,  geometrically  called  a  lunoid,  from  the  lesser  arched  windows,  called  lunettes,  penetrating 
a  large  arched  vault.  This  species  of  groined  vaults  is  commonly  called  by  workmen  Welsh  groins. 
Lunette  is  the  French  name  of  an  arched  window  penetrating  an  arched  ceiling.  Such  groins  may 
be  seen  executed  in  stone  in  the  gateway  at  Somerset  House,  leading  from  the  Strand  to  the  court. 

Fig.  12,  geometrically  called  a  lunetted  domoid,  from  the  lunetted  windows  piercing  a  dome. 

Polygonal  domes  and  groined  vaults  are  of  the  same  species,  the  one  convex,  the  other  concave  ; 
for  if  the  surfaces  of  all  the  archoids,  that  have  their  axal  planes  of  the  same  breadth  that  form  an 
equal  pitched  groined  vault,  were  to  remain  entire,  the  space  that  is  completely  enclosed  by  the 
surfaces  of  the  archoids  is  a  domoid  or  dome  in  architecture  ;*  and  if  the  external  curved  surfaces 
remain,  and  the  curved  surfaces  forming  the  dome  be  cut  away,  the  interior  cavity  will  form  a  groined 
ceiling  or  vault :  so  that  the  solid  domoid  might  be  exactly  comprehended  between  the  groins  of 
angles  of  a  groined  vault ;  and  thus,  if  the  cubature  or  solidity  of  the  dome  be  known,  that  of  the 
vacuity  of  the  groined  ceiling  would  be  ascertained. 


\PUte  CXXIII.'} 

Fig.  1  is  a  quadrilateral  pointed  groined  vault,  such  as  may  be  seen  in  many  ancient  churches 
and  cathedrals. 

Fig.  2,  an  octagonal  pointed  groined  vault,  such  as  may  be  seen  in  chapter  houses  belonging  to 
ancient  British  cathedrals. 


*  In  the  mathematical  names  of  the  architectural  solids,  the  termination  aid  from  the  Greek,  signifying  likeness,  has 
been  added  to  the  architectural  names  which  have  been  given  to  these  solids,  or  to  certain  parts  of  them  when  the  entire 
solid  was  without  a  name.  The  termination  atrix  might  be  applied  to  the  internal  cavities  formed  by  these  solids,  as 
domatrix,  groinatrix,  &c. 
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Fig.  3t  a  ribbed  groined  vault  upon  a  rectangular  plan,  of  which  there  arc  several  examples  in 
the  pointed  or  Gothic  style  of  architecture. 

Fig.  4,  a  ribbed  groined  vault  upon  a  rectangular  plan,  where  the  apex  of  each  vault  is  a  concave 
line  in  a  vertical  plane. 

Fig.  5  is  a  pendent  rib-ridged  vault  upon  a  square  plan.  The  construction  of  the  pendents  is  as 
follows  :— 

Suppose  the  lower  point  of  a  simple  curve  to  coincide  with  the  upper  extremity  of  the  axis  of  a 
vertical  pillar,  which  axis  produced  is  a  tangent  to  the  curve  in  that  point ;  and  if  the  curve  be 
revolved  about  the  tangent  as  an  axis,  it  will  describe  a  solid,  the  horizontal  sections  of  which  are 
circles,  having  the  sections  of  the  axis  for  a  centre. 

Fig.  6,  truncated  ribbed  vault  upon  a  square  plan,  the  upper  part  being  cut  off  by  a  plane  parallel 
to  the  base  through  the  vertices  of  the  pointed  arcs :  the  sections  form  a  quadrilateral  with  four 
curved  sides,  of  which  each  is  the  quadrant  of  a  circle,  and  concave  towards  the  interior  of  the  figure. 
This  quadrilateral  is  generally  filled  up  with  curious  devices  of  ornamented  polyfoils. 

Fig.  7,  a  truncated  pendent  rib  vault  upon  an  oblong  plan.  The  vaults  represented  in  these 
elementary  figures  may  be  seen  in  the  Chapel  of  King  Henry  VII.  at  Westminster,  and  in  King's 
College  Chapel,  Cambridge. 

Fig.  8,  an  octagonal  dome  groined  vault  with  pointed  arches. 

Fig.  9,  a  circular  dome  groined  vault  with  pointed  arches.  Here  the  sides  of  the  arches  are  in 
vertical  planes. 
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SECTION    II. 

ORTHOPROJECTION. 

ORTHOPROJECTION,  or  orthographical  projection,  is  the  method  of  finding  the  representation  of  an 
object  on  a  plane,  by  drawing  straight  lines  from  every  point  of  that  object  perpendicular  to  that 
plane. 

PRINCIPLES. 

The  position  of  a  point  with  regard  to  a  line  is  given,  when  its  distances  from  two  fixed  points  in 
that  lino  are  known. 

The  position  of  a  point  in  space  with  regard  to  a  plane  is  given,  when  its  distances  from  any  three 
points  in  that  plane  are  known. 

The  position  of  a  point  in  space  with  regard  to  a  plane  is  also  given,  when  that  point  is  in  another 
plane  of  which  its  inclination  to,  and  the  line  in  which  it  meets  the  first  plane,  are  known,  and  when 
the  position  of  the  point  in  regard  to  the  line  of  section  is  given. 

DEFINITIONS. 

1.  The  point  in  which  a  perpendicular  from  a  given  point  in  space  to  a  given  plane  meets  that 
plane,  is  called  the  seat  of  that  point  in  space. 

2.  The  perpendicular  is  called  the  height  of  that  point  from  its  seat. 

3.  The  plane  to  which  the  perpendiculars  are  drawn,  is  called  the  plane  of  projection. 

4.  The  seat  of  a  line  is  a  line  in  the  plane  of  projection  in  which  a  perpendicular  drawn  from 
any  point  in  that  line  will  terminate. 

5.  A  plain  containing  lines  or  points  to  be  projected,  is  called  an  original  plane. 


PROBLEM  I. 


Given  the  inclination  of  the  plane  of  projection  to  the  original  plane,  and  the  situation  of  any  point  in  the 

original  plane,  to  find  the  seat  of  that  point. 


Let  A  be  the  given  point  in  the  plane  RSTU,  and  Z  the 
angle  of  inclination  of  the  planes,  and  let  SPQT  be  the  plane 
of  projection,  and  the  line  of  common  section  of  the  planes 
be  ST. 

Draw  Aa  perpendicular  to  ST,  meeting  ST  in  m.  At  the 
point  m  in  the  straight  line  a  m,  make  the  angle  a  m  n  equal 
to  Z,  and  make  m  n  equal  to  mA.  Draw  n  a  perpendicular 
to  a  A,  and  a  will  be  the  seat  of  the  original  point  A. 

Coroll.  If  the  angle  a  m  n  be  a  right  angle,  the  seat  a  of 
the  original  point  A  will  coincide  with  the  point  m. 


Fig.  31. 
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DEMONSTRATION. 

Suppose  the  triangle  a  m  n  to  be  turned  round  upon  m  a,  till  its  plane  be  perpendicular  to  the 
plane  SPQT,  and  let  the  plane  RSTU  be  turned  round  ST,  until  it  is  inclined  in  the  given  angle 
Z:  then  the  line  mA  will  be  in  a  plane  perpendicular  to  ST,  the  line  of  common  section;  and  since 
the  plane  a  m  n  is  by  construction  also  perpendicular  to  ST,  mA  must  fall  upon  m  n ;  and  because 
mn  is  equal  to  mA,  the  point  A  will  fall  upon  the  point  n.  Also,  because  a  n  is  perpendicular 
to  a  m,  and  the  plane  m  a  n  is  by  construction  perpendicular  to  the  plane  SPQT,  the  straight  line 
a  11  will  be  also  perpendicular  to  the  plane  SPQT.  As  A,  now  supposed  to  coincide  with  n,  will  be 
the  original  point  in  space  in  respect  to  the  plane  SPQT;  and  an  being  perpendicular  to  the  plane 
SPQT,  the  point  a  will  be  the  seat  of  the  original  point  A,  by  the  definition. 


SCHOLIUM. 
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Hence,  because  the  angle  made  by  two  straight  lines  drawn  from  the  same  point,  perpendicular 
to  the  line  of  common  section  of  two  planes,  one  line  in  each  plane,  is  equal  to  the  angle  contained 
by  two  other  straight  lines  drawn  from  any  other  point,  perpendicular  to  the  line  of  common  section 
of  two  planes,  one  line  in  each  plane ;  it  is  not  necessary  to  make  one  leg  of  the  angle  a  m  n  in  the 
straight  line  perpendicular  to  the  original  point  A,  for  any  other  line  perpendicular  to  S  T  will 
answer  the  same  purpose. 

Thus. — Draw  Aa  perpendicular  to  ST,  meeting  ST ;  and 
from  any  convenient  point  m  in  ST,  draw  mL  parallel  to 
Aa.  Make  the  angle  L  m  n  equal  to  the  angle  of  the  in- 
clination of  the  planes,  and  make  m  n  equal  to  i  a.  Draw 
n  a  parallel  to  ST  ;  then  a  will  be  the  seat  of  A,  as  required. 

It  is  evident  that  the  same  angle  L  m  n  will  serve  for 
obtaining  the  seats  of  any  number  of  points  whatever. 

I. 


EXAMPLES. 

Ex.  1. — Find  the  seats  of  any  number  of  points  in  a  given 
curve  in  a  plane  at  a  given  angle  Q  with  the  plane  of  pro- 
jection. 

Here  the  points  a,  of,  a",  are  the  seats  of  the  points  of  the 
original  points  A,  A',  A*.  In  this  example  the  original  figure 
is  a  semicircle,  and  the  original  plane  intersects  the  plane  of 
projection  in  the  diameter  DE. 

Ex.  2. — If  the  diameter  DE  be  in  the  line  of  section  ST, 
and  the  angle  Q  a  right  angle,  we  have  nothing  more  to  do 
than  to  draw  Aa,  A'a',  A"a",  &c.  perpendicular  to  ST  or 
DE,  and  the  points  a,  a',  a",  &c.  are  the  seats  of  the  original 
A.  A',  A",  &c. 


F.K  31. 
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PROBLEM  II. 

Given  the  magnitude  of  a  line  and  its  position  in  respect  to  the  plane  of  projection,  to  find  the  seat 

of  that  line. 


CASE  1 


When  the  line  is  inclined  in  respect  to  the 
plane  of  projection. 

Find  by  Prob.  i.  the  seat  b  of  the  original 
point  B,   and  produce  BA   to  meet  ST   in  t. 
Join  6  i,  and  draw  Aa  parallel  to  B&  ;  then  will 
a  6  be  the  seat  of  the  original  line  AB. 
Or  thus : — 

Find  a  and  6,  the  seats  of  the  original  points, 
and  join  a  b. 


Fig.  35. 


CASE  2. 


When  the  original  line  is  parallel  to  the  line 
of  section. 

Find  a,  the  seat  of  the  original  point  A,  and 
draw  a  6  parallel  to  AB,  and  draw  B6  parallel  to 
Aa ;  then  a  b  is  the  seat  of  the  original  line  AB. 


S 


PROBLEM  III. 


Find  the  seat  of  a  straight  line  on  the  curved  surface  of  a  cylinder  upon  a  given  axal  section,  the  point  in 
the  circumference  of  the  base  in  which  the  original  line  terminates  being  given. 


Fig.  3T. 
ttfJi 


Let  DiyH'H  be  the  axal  section,  which  in  this  case  is  the  plane  of  projection, 
AB  being  the  axis  itself.  On  DD'  as  a  diameter  describe  the  semicircle  DEI/, 
and  let  E  be  the  given  point  in  the  semicircumference  DED. 

Find  e,  the  seat  of  the  point  E,  the  semicircle  being  supposed  to  be  raised 
upon  DD*  perpendicular  to  the  plane  DiyH'H.  Draw  ef  parallel  to  AB,  meet- 
ing HH'  in/;  then  ef  is  the  seat  of  the  line  required. 
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PROBLEM  IV. 

To  find  the  seat  of  a  straight  line  on  the  curved  surface  of  a  cone  upon  a  section  passing  along  the  axis,  a 
point  in  the  circumference  of  the  base  or  end  in  which  the  original  line  terminates  being  given. 

Let  DD'C  be  the  given  section,  which  is  to  be  the  plane  of  projection,  and  F'g-  38. 

AC  be  the  axis  itself. 

On  DIX,  as  a  diameter,  describe  the  semicircle  DED,  and  let  E  be  the  given 
point  in  the  semicircumference  DED*. 

Find  e,  the  seat  of  the  point  E  ;  the  semicircle  being  supposed  to  be  raised 
upon  DIX  perpendicular  to  the  plane  DD'C.  Join  eG ;  then  eG  is  the  seat  of 
the  line  required. 

PROBLEM  V. 

Find  the  seat  of  a  straight  line  on  the  curved  surface  of  the  frustum  of  a  given  cone  upon  a  section  passing 
along  the  axis,  a  point  in  the  circumference  of  one  of  the  ends  in  which  the  original  line  terminates 
being  given. 

Let  DD'H'H  be  the  given  section,  and,  consequently,  the  plane  of  projection, 
and  AB  the  axis. 

Produce  DH,  D'H',  to  meet  each  other  in  C.  Then,  by  the  preceding 
example,  find  eG  the  seat  of  the  straight  line  passing  through  the  point  E  in 
the  base,  and  through  C  the  vertex  of  the  cone;  and  let  eG  meet  II H'  in  /, 
and  ef  will  be  the  seat  of  the  line  required. 


PROBLEM  VI. 

Given  the  seat  of  a  line,  and  the  distance  of  each  extremity  of  its  original  from  each  seat,  to  find  the 

length  of  the  original  line. 

Draw  two  straight  lines  to  form  a  right  angle.  Make  one  of  the  legs  of  the  right  angle  equal  to 
the  length  of  the  seat  of  the  line  which  is  given,  and  the  other  leg  equal  to  the  difference  between 
the  distances  of  the  seats  of  the  ends  of  the  line  from  its  original  point ;  then  join  the  extremities  of 
these  two  lines  which  do  not  meet,  and  the  hypothenuse  will  be  the  length  of  the  original  line. 


Fig.  40. 


EXAMPLE. 

Let  a  6  be  the  seat  of  an  original  line,  and  let  C  be  the 
distance  between  a  and  its  original  point,  and  D  the  distance 
between  b  and  its  original  point. 

Construct  the  right  angle  EFG,  and  make  one  of  the  legs 
FG  equal  to  a  6,  and  the  other  FE  equal  to  ^he  difference 
between  C  and  D,  and  join  EG;  then  EG  is  the  length  of 
the  straight  line,  of  which  a  6  is  the  seat. 

Or  thus : — 

Draw  all  perpendicular  to  a  6,  and  make  all  equal  to  the  difference  between  C  and  D,  and  join 
611 ;  then  will  6H  be  the  length  of  the  line  which  is  the  original  of  a  6. 
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PROBLEM  VII. 

Given  the  projection  ab  c  of  a  triangle,  and  the  height  of  each  original  point  of  concourse  of  that  tri  myle 
from  the  plane  of  projection,  to  find  the  original  figure. 


Draw  two  straight  lines  from  each  angle,  one  perpendicular 
to  each  side.  Upon  two  lines  drawn  from  each  angle,  set  off 
the  height  of  that  point ;  join  the  two  extremities  of  each  pair 
of  parallels,  and  with  the  three  lines  thus  joined,  describe  a 
triangle. 

Here  the  corresponding  parts  of  the  figures  are  referred  to 
by  similar  letters. 


Fig.  41. 


PROBLEM  VIII. 

Given  the  distances  of  a  point  in  space  from  three  fixed  points  in  the  plane  of  projection,  to  find  the  seat 
of  that  point  and  the  distance  between  the  point  and  its  seat. 

Let  the  three  given  points  be  B,  C,  D,  and  let  the  distances  of  these 
points  from  the  original  points  be  equal  to  the  three  straight  lines  E,  F,  G 
respectively. 

Join  BD,  BC,  CD.  From  B,  with  a  radius  equal  to  the  line  E,  de- 
scribe two  arcs  ;  and  from  C,  with  a  radius  equal  to  the  line  F,  describe 
an  arc  meeting  one  of  the  arcs  described  from  B  in  A ;  and  from  D,  with 
a  radius  equal  to  the  line  G,  describe  an  arc  meeting  the  other  arc 
described  from  B  iu  the  point  A'.  Draw  the  straight  line  Aa  perpen- 
dicular to  BC,  and  draw  the  straight  line  A'a  perpendicular  to  BD ;  then 
the  point  a  will  be  the  seat  of  the  original  point  required. 

Let  Aa  meet  BC  in  i.  Draw  aA*  parallel  to  BC.  From  i,  with  the 
radius  tA,  describe  an  arc  meeting  aA*  in  A".  Then  aA  is  the  distance 
of  the  original  point  from  its  seat  a.  This  will  be  evident  by  turning  up 
the  three  triangles  till  the  three  points  A,  A',  A"  coincide. 

PLANS  AND  ELEVATIONS. 

DEFINITIONS, 

1.  When  two  planes  are  at  a  right  angle  with  each  other,  and  when  an  original  object  between 
them  is  first  represented  upon  one  of  the  planes  and  then  on  the  other,  the  two  representations  may 
bo  called  the  seats  of  that  object. 
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2.  The  seat  of  the  object  which  is  parallel  to  the  horizon,  is  called  the  plan  of  that  object. 

3.  The  vertical  seat  is  called  the  elevation  of  that  object. 

4.  The  plane  on  which  the  plan  is  made,  may  be  called  the  primary  plane. 

5.  The  plane  on  which  the  elevation  is  made,  may  be  called  the  plane  of  elevation. 

6.  The  planes  on  which  the  two  seats  are  made,  are  called  the  orthographic  planes,  or  planes  of 
projection. 

7.  The  line  of  separation  between  the  orthographic  planes,  is  called  the  base  line  of  elevation,  or 
the  base  of  the  plane  of  elevation. 


PROBLEM  IX. 

Given  the  plan  of  a  point,  and  the  distance  of  the  original  point  from  its  plan,  and  base  line  of  the  plane 

of  elevation,  to  find  the  elevation  of  the  point. 


Let  a  be  the  plan  of  the  point,  and  PQ  the  base  line  of  the 
elevation. 

Draw  a  a'  perpendicular  to  PQ,  meeting  PQ  in  i.  Make  i  d 
equal  to  the  distance  of  the  original  point  from  its  plan.  Then  a 
will  be  the  elevation  of  the  point  of  which  a  is  the  plan. 


Fig.  43. 
a' 


PROBLEM  X. 

Given  the  seats  of  three  of  the  angular  points  of  a  parallelogram  in  the  plan,  and  the  distances  of  the  points 
from  their  seats,  to  find  the  elevation  of  the  parallelogram,  and  to  complete  tlie  plan. 


Let  a,  b,  c,  be  the  seats  of  the  three  angular  points  in  the  plane. 

Draw  a  a',  b  b',  c  c,  perpendicular  to  PQ,  meeting  PQ  in  the  points 
i,  k,  I.  Make  i  a'  equal  to  the  height  of  the  angular  point  above  a,  I  b' 
equal  to  the  height  of  the  angular  point  above  b,  and  Jc  c  equal  to  the 
height  of  the  angular  point  above  c ;  join  a  b,  b  c  in  the  plan.  Draw  c  d 
parallel  to  b  a,  and  a  d  parallel  to  6  c,  and  abed  will  be  the  plan. 
Again,  join  a  b',  b'  c'.  Draw  a'  d1  parallel  to  b'  c ,  and  c  d'  parallel  to 
6'  a',  and  a  b'  c'  of  will  be  the  elevation. 


Fig.  44. 
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PROBLEM  XI. 


Given  the  seat  of  one  of  the  edges  of  a  given  plane  figure  in  the  primary  plane,  to  fmd  the  elevation,  and 
to  complete  the  plan  of  that  figure,  the  plane  of  the  figure  being  parallel  to  the  primary  plane,  and  its 
distance  from  it  known. 


Fig.  45. 


Let  a  b  be  the  seat  of  the  given  side  in  the  primary  plane. 

On  a  6  describe  the  figure  abed  equal  and  similar  to  the  original  figure, 
and  abed  will  bo  the  plan  required.  Draw  a  a'  perpendicular  to  PQ, 
meeting  it  in  r.  Making  v  a'  equal  to  the  height  of  the  figure  above  the 
primary  plane,  and  draw  a  c  parallel  to  PQ.  Draw  6  6',  c  c,  d d1,  parallel 
to  a  a',  meeting  a' c  in  6',  c,  of,  and  the  straight  line  a'  c  will  be  the 
elevation. 


PROBLEM  XII. 

Given  the  seat  in  the  primary  plane  of  one  of  the  edges  of  a  given  rectangle,  of  which  one  edge  is  parallel 
and  the  face  perpendicular  to  the  primary  plane,  to  find  the  elevation  of  the  rectangle,  the  height  of  the 
edge  above  its  seat  being  given. 


Fig.  46. 


Let  a  b  be  the  given  seat.  Draw  a  d"  perpendicular  to  PQ,  meeting 
PQ  in  m.  In  m  d"  make  m  a'  equal  to  the  height  of  the  edge  above  its 
seat,  and  a'<?  equal  to  the  vertical  dimension  of  the  rectangle.  Draw 
6  c  parallel  to  a  d1 ;  also  draw  a'  b',  d?  c  parallel  to  PQ ;  a  6  is  the  plan  and 
a'  b'  c  d  the  elevation  required. 

If  a  6  be  perpendicular  to  PQ,  then  both  the  plan  and  the  elevation 
will  be  projected  into  straight  lines. 


PROBLEM  XIII. 

To  find  the  elevation  of  a  circular  arch  intersecting  the  surface  of  a  cylinder,  the  base  of  the  arch  being 
parallel,  and  the  axes  of  the  cylinder  perpendicular  to  the  primary  plane,  the  plan  being  given. 


Let  pqrst  be  the  intersection  of  the  surface  of  the  cylinder  with  the 
primary  plane,  Dp  and  It  the  seats  of  sides  of  the  arch. 

Draw  DI  perpendicular  to  Dp;  on  DI  describe  thesemicircle  DABCI. 
In  the  semicircular  arc  take  any  number  of  points  A,  B,  C ;  then  suppose 
the  arc  DABCI  to  be  perpendicular  to  the  primary  plane.  Find  the  seats 
a,  b,  c,  (by  Prob.  i.  p.  362,)  of  the  points  A,  B,  C.  Draw  a  q,  br,  cs,  &c. 
parallel  to  Dp.  Find  the  elevation  p  t  of  the  base  of  the  arch.  Make 
e q,  fr,  g s,  &c.  respectively  equal  to  oA,  6B,  cC,  &c.  and  describe  the 
curve  pqrst,  which  will  be  the  elevation  required. 


Fig.  47. 
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PROBLEM  XIV. 

To  find  the  elevation  of  the  arc  of  a  semicircle  or  other  curve  lent  into  a  surface  which  is  perpendicular 
to  the  primary  plane,  the  diameter  or  chord  being  in  a  plane  parallel  to  the  primary  plane  ;  given  the 
intersection  of  the  surface  and  the  seats  of  the  extremities  of  that  diameter  or  chord,  and  the  heights  of 
the  two  seats. 


Let  RS  be  the  intersection  of  the  surface,  and  the  two  points  d,  i,  be 
the  seats  of  the  extremities  of  the  diameter.  Draw  d  d1  and  i  i'  perpen- 
dicular to  PQ,  meeting  PQ  in  k  and  I.  Make  k  d  and  1 1  each  equal  to 
the  height  of  the  diameter  above  the  primary  plane,  and  draw  d1  i'  parallel 
to  PQ.  Divide  the  curve  d  i  of  the  intersection  into  any  number  of  equal 
parts,  as  here  into  four,  and  set  the  distances  d  a,  a  b,  b  c,  c  i  in  the  straight 
line  DI  from  D  to  m,  from  m  to  »,  and  from  n  to  o.  Draw  mA,  nB,  oC, 
perpendicular  to  DI,  meeting  the  arc  in  A,  B,  C.  From  the  points  a,  6,  c. 
in  RS,  draw  a  a',  b  b',  c  c,  &c.  meeting  d'  i'  in  m,  n,  o.  Make  m  a',  n  l', 
o'  c  respectively  equal  to  mA,  nB,  oC,  the  ordinates  of  the  semicircle,  and 
through  the  points  d",  a,  b',  c,  i',  draw  the  curve  d'  a  b'  c  i ,  which  is  the 
elevation  required. 


Fig.  48. 


The  easiest  method  of  finding  the  elevation  of  the 
section  of  a  cone  cut  by  a  surface  perpendicular  to  the 
primary  plane,  the  axis  of  the  cone  being  parallel  to  the 
primary  plane,  and  the  plan  of  the  axal  section  being 
given,  is  to  find  the  elevation  of  the  entire  cone ;  then 
find  plans  and  elevations  of  the  lines  on  the  conic  sur- 
face, as  m  c,  m  c,  and  the  perpendicular  to  PQ,  drawn 
from  a  to  meet  m  c ,  will  give  the  elevation  a'  of  the 
point  above  a  in  the  plan. 


Fig.  49. 
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Fig.  50. 


SCHOLIUM. 

In  finding  the  elevation  of  the  whole  cone,  two  sets 
of  perpendicular  lines  are  introduced ;  one  set  only 
would  be  necessary,  provided  the  perpendicular  heights 
of  the  seats  in  the  line  r  s  of  a  sufficient  number  of  points 
in  the  conic  surface  were  known.  This  object  being 
obtained  lessens  the  labour,  and  prevents  an  unnecessary 
confusion  of  lines  in  the  construction  of  complex  eleva- 
tions. 

To  attain  this  object,  construct  a  right  angle  VUW. 
Make  UV  equal  to  m  c,  UW  equal  to  mM,  and  join  VW. 
In  VU,  take  V#  equal  to  ca,  and  draw  xy  perpendicular 
to  UV.  Make  c'  a'  equal  to  x  y,  then  the  point  a'  will 
be  the  elevation  of  the  point  in  the  conic  surface  of 
which  a  is  the  plan.  In  this  manner,  as  many  points 
as  will  be  necessary  for  drawing  the  curve  may  be  found. 

PROBLEM  XV. 

Given  the  plan  and  exterior  elevation  of  a  circular  arch  in  a  circular  wall,  to  describe  the  line  of 
intersection  formed  by  the  interior  surface  of  the  wall  and  the  surface  of  the  arch. 

Lot  a  b  c  d  efg  be  the  plan  of  the  soffit  of  the  arch,  abed  being  the  seat  F'g-  *•• 

of  the  exterior  surface  of  the  wall,  and  efg  that  of  the  interior  surface,  d  e 
and  a  g  the  jambs,  and  let  a  b'  c  d!  be  the  elevation  of  the  intersection  of 
the  soffit  of  the  arch,  and  the  exterior  convex  surface  of  the  wall,  and  let 
the  straight  line  a'  d"  be  the  representation  of  the  plane  on  which  the  arch 
rests. 

Draw  e  e'  perpendicular  to  PQ,  meeting  a'  d"  in  «'.  From  any  point  c  in 
the  seat  of  the  exterior  surface,  draw  cf  parallel  to  de  in  the  plan.  Draw 
e  f!  parallel  to  e  e',  meeting  the  elevation  of  the  intersection  of  the  arch  and 
'  the  exterior  surface  of  the  wall  in  c,  and  draw  c'f  parallel  to  PQ,  and  ff 
parallel  to  e  e'.  Through  the  points  e',f,  &o.  draw  the  curve  e'f,  which  will 
be  the  inner  edge  of  the  intrados  of  the  arch,  as  required. 

PROBLEM  XVI. 

Given  the  plan  of  a  line,  and  the  distance  of  each  extremity  of  that  line  from  its  seat,  to  find  the 

elevation  of  the  line. 


Draw  ad,  bb>  perpendicular  to  PQ,  meeting  PQ  in  the  points 
t,  k.  Make  ia  equal  to  the  height  of  the  one  extremity  of  the 
original  line  above  its  seat  a,  and  make  k  V  equal  to  the  height  of 
the  other  extremity  of  the  original  line  above  its  seat  6 ;  join  a  b', 
and  a'  b'  is  the  elevation  of  the  line  required. 


Fig.  52. 
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PROBLEM  XVII. 
Given  the  two  seats  a  b,  a'  b'  of  a  straight  line,  to  find  the  length  of  the  original  lint. 


Through  a',  one  extremity  of  the  elevation,  draw  m  n  parallel  to 
PQ,  meeting  k  b'  the  perpendicular  from  the  other  in  the  point  n  ; 
make  n  m  equal  in  length  to  6  a,  the  plan  of  the  line ;  then  the  dis- 
tance of  the  points  m,  b'  will  be  the  length  of  the  original  line. 


Fig.  53. 


PROBLEM  XVIII. 
WTien  the  original  line  is  in  ,a  plane  perpendicular  to  tJte  line  of  common  section. 


Through  a',  one  extremity  of  the  elevation  of  the  line,  draw  a' A 
parallel  to  PQ.  Make  a'A  equal  to  a  b,  and  the  distance  b'A.  is  the 
length  of  the  original  line  as  required. 


Fig.  54. 
b' 
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PROBLEM  XIX. 


Given  the  two  seats  bac,  V  a  c  of  two  straight  lines  meeting  in  a  point,  to  find  the  angle  contained  by 

the  two  original  lines. 

Find  A6,  a  c,  BC,  the  lengths  of  the  three  original 
lines,  by  the  preceding  Problem,  and  with  the  lengths 
of  these  three  lines  describe  the  triangle  BAC,  and  the 
angle  BAC  will  be  the  angle  contained  by  the  two 
original  lines. 

A  separate  figure  is  used  for  the  construction,  which 
might  have  been  dispensed  with,  as  the  lengths  of  the 
three  seats  on  the  plan  might  have  been  applied  upon 
the  horizontal  lines  of  the  elevation ;  but  the  confusion 
which  this  would  have  produced  in  the  figure  is  avoided, 
in  order  to  explain  the  method  more  clearly. 
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If  one  of  the  seats  ac'  be  parallel  to  the  primary  plane,  Fig.  56, 
the  originals  A V,  b'C  of  the  two  seats  a  6,  be  on  the  plan  may  be 
found  in  the  elevation  without  any  confusion.  Then  in  the  tri- 
auglo  BAG,  the  side  AB  is  equal  to  A6',  BC  equal  to  6'C,  and 
AC  equal  to  a  c  on  the  plan. 


Fig.  50. 


Coroll.  If  the  two  seats  of  an  object  be  given,  the 
object  itself  may  be  determined  ;  for  the  lengths  of 
the  lines  may  be  found  by  Prob.  xvii.,  p.  371,  and 
every  angle  by  the  last  Problem,  p.  371.  Thus  the 
length  of  the  hip  e  m',  the  angle  e'  mt  n'  which  the 
hip  makes  with  the  ridge,  and  in  short  the  distance 
between  any  two  fixed  points  whatever,  may  be  found, 
as  the  original  distance  represented  by  e  f  on  the 
elevation,  and  e  i  on  the  plan.  In  Masonry,  Carpen- 
try, Joinery,  &c.,  every  original  length  and  angle 
may  be  found  from  its  plan  and  elevation  by  this  sim- 
ple method. 
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PLATES  ILLUSTRATIVE  OF  ORTHO-PROJECTION. 

[Plates  CXXIV.—CXXXIH.'] 

Plate  CXXIV.  shows  the  application  of  Prob.  xiii.  p.  368,  to  describing  the  elevation  of  semicircu- 
lar arches  in  a  circular  wall.  The  seat  of  the  thickness  of  the  arch  is  given  at  s  t  on  the  plan,  and 
its  seat  on  the  elevation  is  found  at  s  t,  as  in  Prob.  xv.  p.  370. 

Plate  CXXV.  exhibits  the  manner  of  describing  the  elevation  of  arches  with  conical  soffits.  The 
elevations  of  the  two  arches  on  the  left  side  of  the  plate  are  described  by  Prob.  xiv.  p,  369,  and  that 
on  the  right  hand  by  Prob.  xiv.  p.  369. 

Plate  CXXVI.  exhibits  the  manner  of  finding  the  elevation  of  the  intersection  of  a  cylindric  sur- 
face with  the  surface  of  a  solid  of  revolution,  the  axes  of  both  solids  being  parallel,  and  the  bases  of 
the  solids  being  parallel  to  the  primitive  plane. 

One  general  principle  of  finding  a  point  in  the  elevation  is  this : — 

Draw  i  e  perpendicular  to  a  d,  meeting  the  curve  of  the  base  in  e.  In  the  curve  line  a  c  d,  which 
represents  the  intersection  of  the  cylindric  surface  witli  the  base  of  the  solid,  take  any  point  b,  and 
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draw  b  6  perpendicular  to  the  base  line  a  d  of  elevation,  meeting  a  d  in  K.  Join  Ib,  and  produce  Ib 
to  meet  the  curve  a  e  d  (which  is  the  intersection  of  the  curved  surface  of  the  solid  and  its  base)  in 
the  point  f :  join  e  f,  and  draw  bG  parallel  to  f  e,  meeting  le  in  G.  Draw  GH  perpendicular  to  Ie, 
meeting  the  curve  dHe  in  H:  lelld  being  considered  as  a  section  of  the  solid  upon  Ie  perpendicular 
to  a  d,  the  chord  of  the  base,  or  to  the  plane  of  the  base  itself.  Make  K6  equal  to  GH ;  then  6  is 
a  point  in  the  elevation. 

These  figures  apply  to  the  elevation  of  niches  in  circular  walls. 

Figs.  1,  2,  3,  have  circular  bases ;  Fig.  4  has  an  elliptical  base,  and  the  solid  is  generated  round 
an  axis  parallel  to  the  primary  plane ;  Fig.  2  is  a  cone  with  its  axis  perpendicular  to  the  base. 

Though  the  method  of  finding  the  elevation  of  the  two  surfaces  is  general,  yet,  when  the  perimeter 
is  circular,  a  more  simple  method  may  be  adopted ;  thus : — 

In  Fig.  1,  take  any  point  6  as  before.  From  the  centre  I,  with  the  radius  16,  describe  the  arc 
6G,  meeting  Ie  in  G.  Draw  GH  perpendicular  to  Ie,  and,  b  6  being  drawn  as  before,  make  K6 
equal  to  GH,  and  b  is  a  point  in  the  elevation. 

In  Fig.  2,  let  IFF  be  a  section  of  the  cone.  From  I,  with  the  radius  16,  describe  the  arc  6G 
meeting  HP  in  G.  Draw  GH  perpendicular  to  IP,  meeting  PF  in  H.  Make  £6  equal  to  Gil, 
and  6  is  a  point  in  the  elevation. 


PROBLEM  XX. 

To  find  the  equation  of  the  curve  which  is  the  seat  of  the  intersection  of  tico  semi-cylinders  or  two 
circular  archoids,  on  a  plane  coinciding  with  their  axes. 

Let  CO,  C'O  be  the  axes  of  the  two  solids.  Fig-  58- 

Through  any  point  C  in  CO,  draw  Aa  perpendicular  to  CO, 
and,  with  a  radius  equal  to  the  radius  of  the  less  circular 
archoid,  describe  the  semicircle  AIBa.  Draw  AF  and  aG 
parallel  to  CO. 

Again,  through  any  point  C'  in  C'O  draw  A'a'  perpendic- 
ular to  C'O,  and,  with  a  radius  equal  to  the  radius  of  the 
greater  circular  archoid,  describe  the  semicircle  A'I'B'a'. 
Draw  A'R  parallel  to  C'O,  meeting  AF  in  F,  and  aG  in  G. 

In  the  lesser  archoid,  imagine  the  semicircle  AIBa  to  be 
turned  perpendicular  to  the  plane  of  its  base,  and  a  plane 
drawn  parallel  to  the  axis  CO,  and  perpendicular  to  the  base, 
meeting  the  end  AIBa  in  the  line  DI,  and  AFGa  in  Dm. 

In  like  manner,  in  the  archoid  which  has  the  greatest  radius,  imagine  the  semicircle  A'I'B'a  to 
bo  turned  perpendicularly  to  the  plane  of  its  base,  and  a  plane  drawn  parallel  to  the  axis  C'O,  and 
perpendicular  to  the  plane  of  the  base,  meeting  the  end  A'l'B'a'  in  DT,  and  the  plane  A'RSa'  in  D'm, 
so  that  I'D'  may  be  equal  to  ID.  Join  CT  and  CI.  Produce  D'm  to  meet  CO  in  P. 

Let  C'l'  =  R,  CI  =  r,  DT  =  DI  =  z,  OP  =  C'D'  =  x,  and  Pm  =  CD  =  y. 

C  A'B'a R2  —  a3  =  *2 

Then  by  the  semicircle  s   .  „  2  _  -2 2 

Therefore,  eliminating  z  by  adding  these  equations  together,  we  have  R2  —  a?  =  r2  —  j/2, 
from  which  it  appears  that  the  curve  FmG  is  an  equilateral  hyperbola,  because  the  co-efficients  of  a 
and  y  are  each  unity,  and  have  like  signs. 
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Let  y  =  o,  and  R3  —  ar  =  r2,  or  x?  =  R2  —  r2;  whence  it  appears  that  x  is  the  base  of  a  right- 
angled  triangle,  of  which  the  hypothenuse  is  R,  and  the  base  r. 


PROBLEM  XXI. 

To  find  the  equation  of  the  curve  which  is  the  seat  of  the  intersection  of  a  circular  and  an  elliptical 
archoid,  upon  a  plane  coinciding  with  the  axes  of  the  solids,  and  forming  their  base. 

Let  CO,  C'O  be  the  axes  of  the  two  solids.  Fig.  59. 

Through  any  point  C  in  CO,  draw  Aa  perpendicular  to 
CO.  From  C,  with  a  radius  equal  to  the  circular  archoid, 
describe  the  semicircle  AIBa.  Draw  AE  and  aH  paral- 
lel to  CO. 

Again,  through  any  point  C'  in  CO,  draw  A'a'  perpen- 
dicular to  C'O.  Make  C' A',  G'a  each  equal  to  the  semi-axis 
major.  Draw  C'B'  perpendicular  to  A'a',  and  make  C'B' 
equal  to  the  semi-axis  minor,  which  we  shall  suppose  to 
bo  greater  than  CB ;  then  with  the  axis  major  A'a',  and 
semi-axis  minor  C'B',  describe  the  semi-ellipsis  A'l'B'a'. 
Draw  a'S  parallel  to  C'O,  meeting  AE  in  E,  and  aH  in 
H,  and  draw  A'R  also  parallel  to  C'O,  meeting  AE  in  F, 
and  aH  in  G. 

Draw  Dm  parallel  to  CO,  and  produce  wiD  to  I,  and  let  D  meet  Aa  in  D.  In  C'B'  make  C'<  equal 
to  DI.  Draw  tl'  parallel  to  A  a',  meeting  the  elliptical  arc  in  I',  and  draw  I'P  parallel  to  C'O,  meet- 
ing CO  in  P,  and  Dm  in  m;  then  m  is  a  point  in  the  curve. 


DEMONSTRATION. 

For  suppose  the  semi-ellipsis  A'l'B'a'  and  the  semicircle  AIBa  to  be  each  raised  perpendicular  to 
the  plane  EFGH;  then,  the  plane  passing  through  DT  and  D'm,  and  the  plane  passing  through  DI 
and  Dm,  would  intersect  each  other  in  a  line  perpendicular  to  the  plane  EFGH  from  m;  and  the 
distance  between  m  and  the  surface  on  the  perpendicular  would  be  equal  to  D'l'  or  DI. 

Let  C'A'  =  C'a'  =  a,  C'B'  =  6,  CA  =  r,  OP  =  C'D'  =  x,  and  Pro  =  CD  =  y. 

Then  by  the  semi-ellipsis  A'l'B'a',     -     - -     -     -     a2  a?  =  62  (a2  —  x2), 

and  by  the  semicircle  AIBa, a2  =      t3  — y". 

Multiply  the  second  equation  by  a2,  and  a2  z2  =  a2  r2  —  a2  ?/2;  therefore 

as  r2  —  a2  y2  =  a2  62  —  62  a?, 

which  is  an  equation  to  an  hyperbola.  Now,  making  x  infinite,  y  will  also  be  infinite,  and  the  equa- 
tion will  become  6  x  =  a  y;  therefore  a  :  6  :  :  x  :  y;  so  that  in  OC,  making  OM  =  a,  and  in  AR, 
making  u  k  and  u  I  each  equal  to  6  =  C'B,  and  drawing  I  v  and  k  q  through  0,  the  straight  lines  I  v 
and  k  q  will  be  the  asymptotes  of  the  curve. 

The  transverse  axis  will  be  found  by  making  y  =  o  in  the  equation  o?  r2  —  a2  y2  =  a2  62  —  I2  £, 


and  finding  the  value  of  x,  which  is  x  =  • 


( &2  -  t*). 
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PROBLEM  XXII. 

If  the  surface  of  an  elliptical  archoid  meet  the  surface  of  a  hemisphere,  and  if  the  bases  of  the  two  solids 
be  in  the  same  plane,  the  figure  which  is  the  seat  of  the  intersection  of  the  two  surfaces  in  the  plane  of 
their  bases  will  be  a  conic  section. 

Lot  EFGH  be  the  base  of  the  hemisphere,  AaGF  the  base  of  the  archoid, 
and  AIBa  the  semi-ellipsis  which  forms  the  end  of  the  archoid,  and  FmG  be 
the  seat  of  the  intersection  of  the  two  curved  surfaces. 

Suppose  a  plane  drawn  perpendicular  to  the  base  AaGF  of  the  archoid 
along  the  axis  CS,  meeting  ABa  in  the  semi-axis  CB,  and  let  a  plane  be 
drawn  through  m,  parallel  to  this  plane,  meeting  the  semi-ellipsis  ABa  in  the 
line  DI. 

Also  through  the  centre  S  of  the  hemisphere,  suppose  a  third  plane  to  be 
drawn  perpendicular  to  the  last  two  planes,  and  to  the  plane  of  the  bases  of 
the  two  solids,  meeting  the  base  EFGH  in  SE. 

Draw  Pm  perpendicular  to  CS,  meeting  CS  in  P,  and  draw  mQ  perpendic- 
ular to  SE,  meeting  SE  in  Q,  and  join  Sm. 

Then  mQ  =  PS  will  be  equal  to  the  distance  of  the  original  point  whose  seat  is  m  in  the  inter- 
section of  the  curved  surfaces  of  the  two  solids  from  the  plane  passing  through  SE.  In  like  manner 
Pm  or  SQ  will  be  equal  to  the  distance  of  the  same  original  point  from  the  plane  passing  CS. 

Let  r  be  the  radius  of  the  hemisphere,  h  =  CA  =  Ca  the  horizontal  semi-axis  of  the  archoid,  and 
p  =  CB  the  perpendicular  axis. 

Also,  let  SP  =  Qm  =  x,  Pm  =  y,  and  let  z  =  DI  be  the  distance  of  the  seat  m  from  its  original 
in  the  intersection  of  the  two  surfaces. 

By  the  semi-ellipsis  ABa,  A2^2  =  p2  (A2  —  y2), 


and  since  (Sm)2  =  a?  +  y2     -  £  =    r2      —  x2  • 

Multiply  the  second  of  these  two  equations  by  A2,  and  the  first  two  sides  will  become  identical,  and 
consequently  the  second  sides  equal ;  therefore,  -AV  —  IPa?  —  h2y2  =  p2h2  — p2y2,  and,  by  trans- 
position, (p2  —  A2)  j/2  =  hV  +  p2A2  —  AV,  which  is  an  equation  to  an  ellipsis  or  hyperbola. 

Coroll.  If  in  the  equation  (p2  —  A2)  y1  =  li?a?  +  h2p2  —  AV  of  the  figure  in  the  preceding  pro- 
position, p  be  less  than  A,  the  curve  FwiG,  which  is  the  seat  of  the  intersection  of  the  two  solids, 
will  be  an  ellipsis  ;  and  if  p  be  equal  to  h,  the  curve  will  become  a  straight  line  ;  but  if  p  be  greater 
than  A,  the  curve  will  become  an  hyperbola. 

For  itp  be  less  than  A,  the  co-efficient  of  y2  will  be  negative  and  in  opposition  to  if,  and  therefore 
the  curve  will  be  an  ellipsis  ;  and  if  p  and  A  be  equal,  the  first  side  of  the  equation  will  vanish,  and 
consequently  A2*2  +  h2p2  —  AV  =  0 ;  therefore  x  will  be  a  constant  quantity,  and  the  curve  FmG 
will  become  a  straight  line  ;  but  if  p  be  greater  than  A,  the  co-eificient  of  y2  will  be  affirmative  as 
well  as  that  of  a?,  and  therefore  the  curve  will  be  an  hyperbola. 


PROBLEM  XXIII. 

To  determine  the  transverse  axis  and  asymptotes  of  the  hyperbola,  which  is  the  locus  of  the  equation 

(p3  —  h2)  y2  =  A2*2  +  h2p2  — AV. 

Make  y  =  o,  and  we  shall  have  *2  =  r2  —  p2.     It  therefore  appears  that  the  transverse  axis  is 
one  of  the  legs  of  a  right-angled  triangle,  of  which  the  hypothenuse  is  r,  and  the  other  leg  p. 
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In  Plate  CXXVII.  Fig.  1,  is  exhibited  the  method  of  finding  the  seat  of  the  intersection  of  the 
surface  of  a  hemisphere  and  that  of  an  archoid,  by  supposing  both  solids  cut  by  planes  at  the  same 
height. 

Fig.  2  shows  the  projection,  by  first  finding  the  summits  of  the  hyperbolas,  and  describing  the 
curves  from  having  the  axis  and  a  point  in  the  curve  given.  Thus : — 

Draw  anv  line  OQ  and  0V  perpendicular  to  OQ.  Consider  OVQ  the  radial  section  of  the  hemi- 
sphere. Let  OZ,  passing  through  the  centre  of  0  of  the  hemisphere,  be  the  axis  of  the  archoid.  In 
0V,  make  Os  equal  to  the  height  of  the  semi-ellipsis  which  forms  the  end  of  the  archoid.  Draw  s  h 
parallel  to  OQ,  meeting  the  arc  QV  in  h.  Draw  h  i  parallel  to  0V,  meeting  OQ  in  i.  In  OZ,  make 
OD  equal  to  Oi,  and  let  A  or  B  be  the  points  where  the  edges  of  the  base  of  the  archoid  meet  tho 
edges  of  the  base  of  the  hemisphere.  Now,  having  the  semi-axis  OD  and  the  point  A  in  the  curve, 
we  may  find  the  conjugate  axis  by  Conic  Sections,  Prob.  xx,,  and  describe  the  curve  by  Prob.  xxiv.; 
or  having  found  the  conjugate  axis,  we  may  then  find  the  asymptotes,  Prob.  xxii.  and  describe  tho 
curve  by  Prob.  xix. 


PROBLEM  XXIV. 
To  determine  the  place  and  magnitude  of  the  axis  of  the  ellipsis  which  is  the  locus  of  the  equation 


Make  y  =  o;  then  will  x  =  ±  «/  (r2  —  p2);  from  which  it  appears  that  the  axis  major  passes 
through  the  centre  of  the  hemisphere,  and  that  the  semi-axis  minor  is  the  leg  of  a  right-angled  tri- 
angle, of  which  the  hypothenuse  is  r  and  the  other  leg  p. 

Make  x  =  o;  then  will  (p2  —  h2)  y1  =  h2  (p2  —  r2),  and  since  by  hypothesis  h  and  r  are  greater 

than  p,  each  side  of  the  equation  will  bo  negative,  and  consequently  (7i2  —  p2)  y  =  h  (r2  —  p2)  ; 
whence  it  appears  that  y  is  a  fourth  proportional  to  the  leg  of  a  right-angled  triangle,  of  which  the 
hypothenuse  is  h  and  the  other  leg  p,  and  to  the  leg  of  another  right-angled  triangle  of  which  the 
hypothenuse  is  r  and  the  other  leg  p,  and  to  the  horizontal  semi-axis  h  of  the  archoid. 

Fig.  3,  Plate  CXXVII.  shows  how  the  intersections  of  the  two  surfaces  of  the  hemisphere  are 
found  by  taking  sections  parallel  to  the  base  at  the  same  heights. 

Fig.  4  shows  how  the  curve  may  he  described  by  the  semi-axis,  and  a  point  in  the  curve  being  first 
found.  Thus  :  —  let  the  quadrant  OVQ  be  a  radial  section  of  the  hemisphere,  0  V  being  the  axis. 
In  0V  make  Os  equal  to  the  height  of  the  elliptical  end  of  the  archoid,  and  draw  s  h  parallel  to  OQ, 
meeting  the  quadrangle  arc  VQ  in  h;  draw  hi  parallel  to  0V,  meeting  OQ  in  i.  Let  OD  be  the 
axis  of  the  archoid,  and  let  A  or  B  be  the  points  where  the  sides  of  the  base  of  the  archoid  meet  tho 
circumference  of  the  base  of  the  hemisphere.  Through  O,  draw  EF  perpendicular  to  OD.  Now, 
having  the  semi-axis  OD  and  a  point  A  in  the  curve,  we  may  describe  the  ellipsis  by  Prob.  iv.  Conies. 

In  Fig.  5,  the  end  of  the  archoid  is  a  semicircle  ;  the  curve  ADB  is  therefore  a  straight  line. 

Plate  CXXVIII.  exhibits  the  methods  of  finding  the  intersection  of  a  circular  archoid  and  an 
elliptical  conoid  :  it  will  not  be  necessary  to  repeat  the  process,  as  the  method  is  in  every  respect 
the  same  as  that  applied  to  Plate  CXXVII.  In  Figs.  1  and  2,  the  vertical  semi-axis  is  less  than  the 
semi-diameter  of  the  base  ;  the  curve  forming  the  seats  of  the  intersection  of  the  two  surfaces  is  an 
hyperbola,  as  before. 

In  Fig.  3,  the  radial  section  OVQ  is  an  ellipsis,  in  which  the  vertical  axis  0V  is  greater  than  the 
diameter  of  the  base  ;  the  curve  of  the  seat  of  the  intersection  of  the  two  surfaces  is  an  ellipsis. 
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In  Pig.  4,  the  two  solids  are  of  the  same  height. 

In  Fig.  5,  the  curve  of  the  section  through  the  axis  of  the  elliptical  conoid  is  similar  to  the  end  of 
the  archoid. 

Plate  CXXIX.  exhibits  the  projections  of  the  intersections  of  the  surfaces  of  different  solids. 

Fig.  1  is  that  of  a  hemisphere  and  cylinder,  the  diameter  of  the  cylinder  being  less  than  the  radius 
of  the  sphere,  and  the  axis  of  the  cylinder  parallel  to  the  base  of  the  sphere,  and  passing  through 
the  vertical  axis. 

Fig.  2  is  that  of  a  cone  and  cylinder,  the  diameter  of  the  cylinder  being  less  than  the  altitude  of 
the  cone,  and  the  axis  of  the  cylinder  parallel  to  the  base  of  the  cone,  and  passing  through  its  axis. 

Fig.  3  is  that  of  a  sphere  and  cuneoid,  the  end  of  the  cuneoid  being  a  circle. 

Fig.  4  is  that  of  a  cone  and  cuneoid. 

Plates  CXXX.  and  CXXXI.  exhibit  various  examples  of  constructing  the  seats,  which  will  be 
understood  by  tracing  the  lines  by  the  eye  in  each  diagram. 

In  every  figure  we  need  only  draw  sections  parallel  to  the  base  at  the  same  height,  and  find  the 
seats  of  these  sections,  and  draw  a  curve  through  the  intersections  of  every  two  seats  ;  the  curve 
thus  drawn  will  be  the  seat  of  the  intersections  of  the  two  curved  surfaces. 


PROBLEM  XXV. 

Given  in  one  plane  the  bases  of  any  two  solids  intersecting  each  other,  to  find  the  seat  of  the  line  of  com- 
mon section  of  their  curved  surfaces  on  the  plane  of  their  liases. 

Find  a  number  of  seats  of  the  sections  of  both  solids  by  planes  parallel  to  their  bases,  every  section 
of  the  one  solid  having  a  corresponding  section  of  the  other  at  the  same  height ;  then  a  curve  being 
drawn  through  all  the  corresponding  points  of  the  intersections  of  the  seats  of  both  sides,  will  be  the 
seat  of  the  intersection  of  the  surfaces  of  the  two  solids. 

If  either  of  the  two  solids  be  an  archoid,  the  edges  of  every  section  which  meet  the  curved  surface 
will  be  projected  into  parallel  lines. 

The  edge  of  the  section  of  every  conoid  and  of  every  domoid  with  a  circular  base  will  be  projected 
into  a  circle. 

The  edge  of  the  section  of  every  domoid  with  an  elliptic  base  will  be  projected  into  a  similar  ellip- 
sis, which  will  be  similarly  situated  with  that  base. 

The  edge  of  the  section  of  every  cone  projected  on  a  plane  parallel  to  the  axis  will  be  an  hyperbola, 
and  the  section  of  the  cone  through  the  axis  will  be  the  asymptotes  of  that  hyperbola. 

EXAMPLES. 

In  Plate  CXXXII.,  let  QVR,  Figs.  1,  2,  3,  4,  5,  6,  be  the  end  of  the  one  solid,  q  vr  the  end  of 
the  other,  their  base  lines  being  QR,  q  r. 

Let  0  bisect  QR,  and  o  bisect  q  r,  and  let  0V  be  perpendicular  to  QR,  and  o  v  perpendicular  to 
qr.  In  0V  take  any  point  P,  and  make  op  equal  to  OP.  Through  P,  draw  MN  parallel  to  QR, 
and  draw  Mg  parallel  to  QB  or  RC  ;  also  through  p  draw  m  n  parallel  to  'q  r,  and  draw  Mg  parallel 
to  qD ;  then  g  is  a  point  in  the  intersection  Agt,  the  points  A,  B,  €,  D,  being  those  in  which  tho 
sides  of  the  base  meet  and  form  the  parallelogram  ABCD. 

In  the  same  manner  we  may  find  as  many  points  g  as  we  please. 

If  m  g  be  prolonged  to  i,  and  if  Nt  be  drawn  parallel  to  RC,  i  will  be  another  point  in  the  inter- 
section Dit. 

SB 
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In  the  same  manner  we  may  find  as  many  points  i  as  we  please. 

If  1%  and  N»  be  prolonged  to  h  and  k;  then  if  n  h  be  drawn  parallel  to  rC,  h  will  be  a  point  in 
the  diagonal  BAf ;  and  if  n  A  be  prolonged  to  k,  k  will  be  a  point  in  the  diagonal  Ckt. 

Besides  the  general  method  here  given  for  describing  the  seats  of  the  intersections  of  the  two 
solids,  the  following  method  will  apply  to  figures  where  each  solid  is  a  semi-cylinder,  having  its  axis 
in  the  base. 

From  «  (Plate  CXXXIII.  Fig.  4.)  the  centre  of  the  parallelogram  ABCD,  with  a  radius  equal  tc 
that  of  the  greatest  cylinder,  describe  the  circle  £  >  y «,  which  will  touch  the  lines  AD  and  BC  in  « and 
».  Draw/ 1  parallel  to  AB  or  DC,  touching  the  circle  in  P,  and  meeting  qD  in/,  and  rC  in  I ;  also 
draw  FL  parallel  to  AB  or  DC,  touching  the  circle  in  v  and  meeting  <jD  prolonged  in  F,  and  rC 
prolonged  in  L. 

Through  the  points/,  L  draw  w x,  and  through  the  points  F,  I  draw  y  z,  which  will  intersect  xy 
in  u.  Draw  WX  bisecting  the  angle  w  u  x,  and  YZ  bisecting  the  angle  wuy.  Draw  Ae  perpen- 
dicular to  WX,  meeting  WX  in  e ;  from  e,  with  the  distance  eA,  describe  an  arc  meeting  YZ  in  t. 
Then  with  the  asymptotes  w  x,  y  z,  and  the  semi-transverse  axis  t  u,  describe  the  hyperbola  AtD. 

In  the  whole  of  the  diagrams  contained  in  the  seven  Plates,  CXXVII. — CXXXIII.  inclusive,  en- 
titled Orthoprojection,  and  subtitled  the  Surfaces  of  two  Solids,  the  seats  of  the  intersections  of  the  sur- 
faces of  each  solid  are  found  by  one  uniform  method ;  we  shall,  therefore,  only  refer  to  such  of  the 
diagrams  as  appear  best  adapted  to  illustrate  the  principle,  and  for  explanation  to  such  of  the  others 
as  have  any  peculiarity  in  their  construction. 

Let  VOQ,  Fig.  1,  Plate  CXXVIII.  be  a  radial  section  of  the  solid.  In  OV,  make  OP  equal  to 
op,  and  draw  PM  parallel  to  OQ,  meeting  the  curve  VQ  in  M,  and  draw  MI  parallel  to  VO,  meet- 
ing OQ  in  I ;  from  the  centre  0  describe  the  arc  Ikg,  meeting  mg  in  g;  then  g  is  a  point  in  the 
curve,  and  thus  we  may  find  as  many  points  as  will  be  necessary  to  trace  the  curve,  which  is  an 
hyperbola,  and  may  therefore  be  described  as  follows : — 

In  OV,  Fig.  2,  make  Qs  equal  to  o  v,  and  draw  *  h  parallel  to  OQ,  meeting  the  curve  VQ  in  h,  and 
draw  h  i  parallel  to  VO,  meeting  OQ  in  i.  Draw  ZY  through  O  parallel  to  AB,  and  WX  through 
O  perpendicular  to  ZY.  From  0,  with  the  radius  Oi,  describe  an  arc  meeting  ZY  in  t.  Through 
t,  drawpu  perpendicular  to  YZ.  Let  AB  meet  WX  in  e;  from  e,  with  the  radius  eA,  describe  an 
arc  meeting pu  in  k.  Draw  e  k,  meeting  Ot  in/.  Make  tp  and  tu  each  equal  to  O/.  Through  O 
and  p  draw  wx,  and  through  0  and  u  draw  v  z;  then  with  the  asymptotes  w  z,  y  z,  describe  the 
hyperbola  AtD. 

In  Fig.  3,  one  of  the  solids  is  a  semi-cylinder,  and  the  other  an  elliptical  conoid,  of  which  the  axis 
perpendicular  to  the  base  is  longer  than  the  revolving  axis.  As  the  seat  of  the  intersection  of  the 
two  solids  is  a  portion  of  an  ellipsis,  the  figure  may  be  described  as  follows : — 

In  OV  make  Os  equal  to  o  v,  and  draw  s  h  parallel  to  OQ,  meeting  the  curve  QV  in  h.  Draw  h  i 
parallel  to  V  0,  meeting  OQ  in  i.  Through  O,  draw  1 1  parallel  to  AD  or  BC.  From  0,  with  the 
radius  Oi,  describe  an  arc  meeting  1 1  in  the  points  t,  t;  then  the  curve  passes  through  the  points  A 
and  B,  and  through  t:  therefore  the  semi-axis  Ot,  and  a  point  A  or  B  in  the  curve,  is  given  to  describe 
the  ellipsis  ;  but,  to  carry  the  reader  one  step  farther, —  through  O  draw  k  I  perpendicular  to  1 1,  and 
from  A,  with  a  radius  equal  to  tO,  describe  an  arc  meeting  Tel  in  e,  Join  Ae,  and  prolong  Ae  to 
meet  tt  in  /.  Make  Ok,  01,  each  equal  to  A/;  then  with  the  axis  major  k  I,  and  the  semi-axis 
minor  Ot,  describe  the  semi-ellipsis  kABL. 

In  Fig.  4,  one  of  the  solids  is  a  cylinder,  and  the  other  an  elliptic  conoid,  of  which  the  axis  round 
which  the  solid  is  generated  is  equal  to  the  diameter  of  the  cylinder.  Here  the  seats  of  the  intersec- 
tions of  the  surfaces  are  straight  lines. 
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In  Fig.  5,  one  body  is  a  cylindroid,  and  the  other  an  ellipsoid,  and  o  v  :  0V  : :  o  q :  OQ  ;  therefore 
the  intersections  of  the  surfaces  are  straight  lines. 

In  Plate  CXXVII.  one  of  the  solids  in  each  figure  is  a  hemisphere. 

In  Fig.  1,  the  other  solid  is  a  cylindroid,  of  which  the  longest  axis  is  perpendicular  to  the  plane  of 
the  base.  Here  the  seats  of  the  intersections  of  the  two  bodies  are  hyperbolas,  and  may  also  be  con- 
structed as  in  Fig.  2. 

In  Figs.  3  and  4  the  other  solid  is  a  cylindroid  also  ;  but  the  minor  axis  is  perpendicular  to  the 
plane  of  the  base.  The  seat  of  the  intersections  of  the  surfaces  of  the  two  bodies  is  an  ellipsis. 

In  Fig.  5,  the  other  solid  is  a  cylinder,  and  the  intersection  of  the  two  surfaces  is  a  straight  line. 

In  Plate  CXXIX.  Figs.  1  and  3,  one  of  the  solids  is  a  hemisphere;  in  Fig.  1,  the  other  solid  is 
an  entire  cylinder,  of  which  the  surface  is  considerably  above  the  plane  of  the  base :  the  projections 
of  the  surfaces  of  the  two  bodies  form  ovals,  each  having  the  figure  of  an  egg  shape. 

In  Fig.  3,  the  other  solid  is  an  entire  cuniconoid,  of  which  the  principal  rectangular  plane  is  per- 
pendicular to  the  plane  of  the  base.  Here  the  intersections  of  the  surfaces  of  the  two  solids  are  also 
ovals  of  the  egg-shaped  form. 

In  Figs.  2  and  4,  one  of  the  rotative  solids  is  a  cone  ;  in  Fig.  2,  the  other  solid  is  a  cylinder  ;  and 
in  Fig.  4,  the  other  solid  is  a  cuniconoid. 

Plate  CXXX.  contains  four  diagrams  of  groined  vaults  or  severies.  In  Fig.  1,  the  plan  is  rectan- 
gular :  one  of  the  generating  arches  is  a  semicircle,  and  the  other  the  segment  of  a  circle.  In  Fig. 
2,  one  is  a  semicircular  annulus,  and  the  other  an  elliptical  archoid.  In  Fig.  3,  one  of  the  solids  is 
a  circular  archoid,  and  the  other  a  cuniconoid ;  and  in  Fig.  5,  one  of  the  solids  is  a  semicircular 
annulus  and  the  other  a  cuniconoid. 

In  Plate  CXXXI.,  Fig.  1,  one  of  the  solids  is  a  semi-cylinder,  and  the  other  a  cone  with  its  axis 
perpendicular  to  the  plane  of  projection.  Here  the  seat  of  the  intersection  of  the  two  surfaces  is  a 
figure  of  contrary  flexure. 

In  Fig.  2,  one  of  the  solids  is  a  semi-cylinder,  and  the  other  a  hemisphere,  and  the  seat  of  the 
intersection  of  both  curves  is  a  parabola. 

In  Fig.  3,  one  of  the  bodies  is  a  cuniconoid,  and  the  other  a  hemisphere. 

In  Fig.  4,  both  solids  are  cones,  of  which  their  axis  is  in  the  plane  of  projection ;  therefore  all  the 
sections  at  an  equal  height  are  hyperbolas. 


SECTION    III. 
OF   THE   DEVELOPMENT   OF   THE   SURFACES  OF   SOLIDS. 

To  develop  the  surface  of  a  solid,  is  to  draw,  on  a  plane  surface,  the  form  that  would  coyer  it.  If 
this  form  be  drawn  upon  paper,  and  the  paper  be  cut  to  it,  it  would,  so  cut,  cover  exactly  the  surface 
of  the  solid.  This  method  is  often  most  useful  in  finding  moulds  to  apply  to  curved  surfaces  to  de- 
termine their  bounding  lines;  and,  hence,  the  development  of  a  surface  upon  a  flexible  material 
serves  the  purpose  of  a  mould. 

DEFINITIONS. 

1.  A  Plane  figure,  which  when  bent  on  the  curved  surface  of  a  solid  so  that  every  point  of  tho 
figure  may  come  in  contact  with  the  curved  surface,  and  that  the  edges  of  the  figure  may  coincide 
with  the  edges  of  the  curved  surface,  or  meet  each  other  on  the  curved  surface,  is  called  the  develop- 
ment of  the  curved  surface  of  that  solid. 

2.  The  development  of  the  curved  surface  of  an  ungulus  is  called  a  gore. 

The  surfaces  of  solids  which  may  be  covered  by  plane  figures,  are  those  of  cylinders,  cylindroids, 
prisms,  cylinoids,  pyramids  of  all  descriptions,  cones,  and  solids  compounded  of  them.  The  surface 
of  a  sphere,  though  equal  to  four  times  the  area  of  its  great  circle,  cannot  be  exactly  developed,  since 
a  plane  figure  cannot  be  bent  upon  the  surface  of  a  sphere ;  and  for  the  same  reason  a  domoid,  or 
the  sectroid  of  a  domoid,  cannot  have  an  exact  development ;  but  in  such  cases  the  approximate  de- 
velopment may  be  found  in  gores. 

In  order  to  pursue  this  subject  with  advantage,  the  method  of  finding  a  straight  line  equal  to  the 
length  of  any  curved  line,  or  of  any  part  of  a  curved  line,  must  be  known,  (see  Part  III.  Pract. 
Geometry,  Prob.  xxiii.,)  and  also  the  principles  of  projection;  for  it  is  from  those  projections,  called 
plans  and  elevations,  that  the  developments  of  surfaces  are,  in  general,  to  be  derived. 

PROBLEM  I. 

To  find  the  development  of  the  surface  of  a  cylinder,  or  of  a  cylindroid,  or  that  of  any  sectroid ;  given 
the  length  of  the  axis,  and  the  end  of  the  cylinder,  cylindroid,  or  sectroid. 

Draw  a  straight  line  equal  in  length  to  the  development  of  the  arc  of  the  end,  (Prob.  xxiii.  Pract. 
Geo.,)  and  from  one  extremity  of  the  straight  line  thus  drawn,  draw  a  perpendicular,  and  complete 
the  rectangle,  of  which  these  two  lines  about  the  right  angle  are  sides. 

Let  a  5  c  be  the  end.  Draw  the  straight  line  AC  equal  in  length  to  the  development  of  the  arc 
a  be,  and  from  C,  one  extremity  of  the  straight  line  AC,  draw  CE  perpendicular  to  AC,  and  make 
CE  equal  to  the  length  of  the  axis,  and  complete  the  rectangle  ADEC,  which  will  be  the  development 
of  the  cylindrical  surface  as  required. 
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Fig.  63. 
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PROBLEM  II. 

To  find  the  development  of  the  curved  surface  of  the  sectroid  of  a  cylinder,  and  consequently  that  of  the 
whole  cylinder,  the  radial  section  and  the  base  of  the  solid  being  given. 


Let  ABHD  be  the  radial  section,  and  AED  the  base  of 
the  solid. 

Produce  AD  to  F,  and  make  DF  equal  to  the  development 
of  the  arc  DB,  and  complete  the  rectangle  DFGH,  which  is 
the  development  required. 


Fig.  64. 
n 


PROBLEM  III. 

Given  the  position  of  a  line  in  the  base  of  a  semicircular  arclioid,  or  in  the  axal  plane  of  a  semi-cylinder, 
to  find  the  development  of  that  portion  of  the  cylindric  surface  contained  l>etivecn  one  of  its  ends  and 
the  intersection  of  a  surface  passing  through  the  given  line  perpendicularly  to  the  plane  of  the  axal 
section. 

Let  IXDHH'  be  the  axal  section  of  the  cylinder,  Fig.  65. 

</B  being  the  axis,  and  IXD  the  diameter  of  the  base, 
and  let  TZ  be  the  line  through  which  the  surface 
passes  perpendicularly  to  the  plane  D'DHH'. 

Divide  the  semicircumference  D'ED  of  the  base 
into  any  number  of  equal  parts  at  the  points  E,  E', 
E",  &c.  (as  here  into  four),  and  find  e  i,  e'  if,  e?  V,  &c. 
the  seats  of  the  lines  passing  through  the  points  E, 
E',  E",  &c.  of  the  base  in  the  cylindric  surface  par- 
allel to  the  axis.  Through  the  points  i,  i',  i",  &c.  Y 
in  which  these  seats  meet  the  line  YZ,  draw  the 
straight  lines  Kn,  i'N',  i'N",  &c.  YN'"  parallel  to  D'D, 
meeting  e'B  the  axis  in  K,  i',  K",  K'",  and  the  side  HD  in  the  points  n,  N',  N",  N'".  Then  by  Prob. 
ii.  above,  with  the  radial  sections  e'DnK,  e'DNY,  e'DN"K",  e'DN"'K"'  describe  the  developments 


382 


GEOMETRICAL  PRINCIPLES  OP  ARCHITECTURE. 


[PART  V 


DFHn,  DF'H'N',  DF"H"N",  DGIN'"  of  the  sectroids,  of  which  the  bases  are  De'E,  D«'E',  De'E", 
aud  De'D'E,  and  draw  the  curve  ZHH'H"!;  then  will  DGIZ  be  the  development  required. 


PROBLEM  IV. 


Given  the  section  of  a  cylinder  along  the  axis,  the  seat  of  any  point  on  the  curved  surface  in  that  section, 
to  find  the  place  of  the  point  in  the  development. 


Let  ADHI  be  the  section  of  a  cylinder  passing  along  the 
axis,  and  e  the  seat  of  a  point  on  its  surface. 

On  AD,  as  a  diameter,  describe  the  semicircle  ABCD,  and 
draw  eB  parallel  to  AI  or  HD,  meeting  AD  in  the  point  b. 
Draw  AD'  perpendicular  to  AI,  and  in  the  straight  line  AD' 
make  AB'  equal  to  the  development  of  the  arc  AB-  Draw 
BE'  parallel  to  AI,  and  make  B'E'  equal  to  be.  The  point 
E'  is  the  place  in  the  development  of  the  original  point  in  the 
curved  surface  represented  by  its  seat  e. 


Fig.  66. 

1  g 
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PROBLEM  V. 

Given  the  section  ADHI  of  a  cylinder  along  the  axis,  the  seat  KeL  of  any  line  on  the  curved  turface  in 
that  section,  to  find  the  development  of  the  line. 


Fig.  67. 


Find  a  number  of  points  in  the  development  of  the  line,  in 
the  same  manner  as  the  point  E'  was  found  by  the  preceding 
Problem,  and  draw  the  curve  KE'L  through  these  points; 
then  KE'L'  is  the  development  of  the  line  on  the  surface 
represented  by  the  seat  KeL. 


PROBLEM  VI. 

Givqn  the  development  and  end  of  a  semicircular  archoid,  and  the  form  of  any  line  drawn  in  the 
development,  to  find  the  seat  of  that  line  in  the  base  of  the  archoid. 

Let  AGH'E'  be  the  development  of  the  curved  surface  Fig.  68. 

of  the  semi-cylinder  or  circular  archoid,  and  JKLMN  the 
given  line. 

Produce  E'A  to  E.  Make  AE  equal  to  the  diameter  of 
the  cylinder,  and  on  AE  describe  the  semicircle  ACE. 
Divide  the  arc  ACE  into  any  number  of  equal  parts  (for 
example  into  four) ;  also  divide  AE'  into  equal  parts  AB', 
B'C',  C'D,  &c.  by  repeating  the  chord  of  one  of  the  arcs  in 
the  line  AE'  as  often  as  the  arc  ACE  contains  equal  parts. 

Draw  B'K,  C'L,  D'M,  &o.  and  Bfc,  Gl,  Dm,  &c.  parallel 
to  AG,  and  Nn,  Mm,  LI,  Kfc,  parallel  to  LA,  and  through  the  points  J,  k,  I,  m,  n,  draw  a  curve, 
which  will  be  the  seat  required. 
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PROBLEM  VII. 

To  find  the  development  of  tJie  curved  surface  of  the  sectroid  of  a  cone,  and  consequently  that  of  the  cont 
itself ;  the  radial  section  of  the  solid  and  its  base  being  given. 


Fig.  69. 


Let  CAD  be  the  radial  section,  and  AED  the  base  of  the 
sectroid,  AD  or  AE  be  the  radius  of  the  base,  and  AC  the 
axis. 

From  C,  with  the  radius  CD,  describe  the  arc  DF.  Make 
the  arc  DF  equal  to  the  arc  DE,  and  join  CF ;  then  will 
CDF  be  the  development  of  the  curved  surface  of  the  sec- 
troid, as  required. 


PROBLEM  VIII. 

To  find  the  development  of  the  curved  surface  of  the  sectroid  of  the  frustum  of  a  cone,  and  consequently 
that  of  the  whole  frustum ;  given  the  radial  section  of  the  frustum,  and  the  base  of  the  solid. 

Let  BADH  be  the  radial  section  of  the  frustum,  and  AED  the  Fig.  70. 

base  of  the  solid.  Produce  AB  and  DH  to  meet  each  other  in  C ; 
then  by  the  preceding  Problem,  having  the  radial  section  CAD, 
and  the  base  ADE,  find  the  development  CDF.  Then  from  C, 
with  the  radius  CH,  describe  an  arc  HG  meeting  CF  in  G;  then 
will  HDFG  be  the  development  of  the  curved  surface  of  the  sec- 
troid of  the  conic  frustum  as  required. 

If  AE  be  perpendicular  to  AB,  and  if  the  arcs  HG  and  DF  be 
continued  to  K,  and  F  K  be  made  equal  to  FD,  and  KG  be  joined 
meeting  the  arc  GL  in  L,  then  HDKL  will  be  the  development  of 
the  curved  surface  of  the  frustum  of  the  half  cone. 

PROBLEM  IX. 

To  find  the  development  of  the  curved  surface  of  the  sectroid  of  the  frustum  of  a  cone,  the  radial  section 
of  the  frustum  and  its  base  being  given,  without  completing  the  radial  section  of  the  entire  cone. 


Let  ABHD  be  the  radial  section,  and  AED  the 
base  of  the  solid,  as  before. 

Divide  the  radius  AD  into  any  convenient  number 
of  equal  parts,  as  three,  and  let  DK  be  the  third  part 
of  DA.  From  K,  with  the  radius  KD,  describe  the 
arc  DL,  and  draw  KL  parallel  to  AE.  Draw  KI 
perpendicular  to  AD,  meeting  DH  or  DH  produced 
in  I.  Find  the  development  IDr  of  the  curved  sur- 
face of  the  sectroid  of  the  frustum  of  a  cone,  of  which 
the  radial  section  is  DKI,  and  the  base  of  the  sec- 
troid KDL.  Join  Dr,  and  produce  Dr  to  F.  Make 


Fig.  71. 
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DF  equal  to  as  many  times  Dr  as  DA  contains  DK;  in  this  instance  DA  is  three  times  DK,  there- 
fore make  DF  equal  to  three  times  Dr.  Bisect  Dr  in  x,  and  DF  in  t,  and  draw  x  s  and  tU  each 
perpendicular  to  DF.  Let  x  s  meet  the  arc  Dr  in  s ;  make  tU  as  many  times  x  s  as  DA  contains 
DK ;  but  since  DA  is  three  times  DK,  make  tU  equal  to  three  times  x  s.  Describe  the  arc  DUF, 
of  which  the  chord  is  DF,  and  the  versed  sine  tU.  Draw  HG  parallel  to  DF,  and  produce  Ut  to 
meet  HG  in  v.  Make  vG  equal  to  vH,  and  make  Uw  equal  to  DH.  Through  the  three  points  H, 
w,  G,  describe  an  arc  HwG,  of  which  the  chord  is  HG  and  the  versed  sine  v  w,  and  join  FG ;  then 
DFGH  is  the  development  of  the  scctroid  of  the  frustum  of  a  cone,  as  required. 

SCHOLIUM. 

The  angle  of  development  DIB  may  be  obtained  from  the  arcs  DL  and  Dr  by  the  following  arith- 
metical operations,  thus : — First  to  find  the  side  of  the  cone. 

As  the  difference  between  the  bases  or  ends  of  the  frustum 

is  to  the  length  of  the  slant  side  of  that  frustum, 

so  is  the  diameter  of  the  greater  end 

to  the  length  of  the  side  of  the  cone. 

The  diameter  of  the  base  of  the  cone  is  the  same  with  the  diameter  of  the  greater  end  of  the  frus- 
tum ;  therefore,  having  found  the  length  of  the  side  of  the  cone,  and  the  radius  of  its  base,  the  angle 
of  development  will  be  found  arithmetically  by  the  following  analogy : — 

As  the  length  of  the  side  of  the  cone 

is  to  the  radius  of  its  base, 

so  is  the  number  of  degrees  in  the  angle  of  the  sectroid 

to  the  angle  of  development. 


PROBLEM  X. 

To  find  the  development  of  tlie  curved  surface  of  the  sectroid  of  the  frustum  of  a  cone  ;  given  the  radial 
section  of  the  solid,  and  the  chord  of  the  arc  of  development  of  the  arc  of  the  base  of  the  solid,  without 
Jiaving  recourse  to  a  centre  in  describing  the  arcs  of  development. 

Let  ADHB  be  the  radial  section,  and  AB  the  Fig.  72. 

axis  of  the  conic  frustum. 

Divide  AD  into  any  convenient  number  of  equal 
parts,  as,  for  example,  three ;  and  in  DA  make  DK 
equal  to  one  of  these  equal  parts.  Draw  KI  per- 
pendicular to  AD,  meeting  DH  in  I,  or  DH  produced 
in  I.  From  I  with  the  radius  ID  describe  an  arc 
Ds  r.  From  D,  with  a  distance  which  is  the  same 
part  of  the  intended  chord  of  the  arc  of  development 
that  DK  is  of  DA,  describe  another  arc  meeting  the 
former  at  r ;  that  is,  in  this  example,  equal  to  one- 
third.  Join  Dr,  and  produce  Dr  to  F.  Make  DF  the  same  multiple  of  Dr  that  DA  is  of  DK ;  that 
is,  since  DA  is  three  times  DK,  DF  must  be  made  equal  to  three  times  Dr.  Bisect  Dr  in  x,  and 
DF  in  «,  and  draw  x  s  and  «U  each  perpendicular  to  DF.  Make  «U  the  same  multiple  of  x  s  that 
DA  is  of  DK ;  therefore,  since  DA  is  three  times  DK,  make  *U  equal  to  three  times  x  s.  Describe 
an  arc  DUF  upon  the  chord  DF,  and  with  the  versed  sine  <U  draw  FG  parallel  to  rl,  and  HG  par- 
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allel  to  DF.  Produce  U«  to  meet  II G  in  v,  and  iu  Uc  make  Uto  equal  to  D1I,  and  upon  the  chord 
KG  and  with  the  versed  sine  v  w  describe  the  arc  HtcG;  then  will  DUFGwII  be  the  development 
required. 

PROBLEM  XI. 

Given  the  axal  section  of  a  cone,  and  any  line  in  that  section,  to  find  the  development  of  that  portion  of 
the  conic  surface  contained  between  the  vertex  and  the  intersection  of  a  surface  passing  through  the 
given  line  perpendicularly  to  the  plane  of  the  axal  section. 

Let  CD*D  be  the  axal  section  of  the  cone,  CA  being  the  Fis-  73. 

axis,  and  D'D  the  diameter  of  the  base;  and  let  YZ  be  the 
line  of  section,  or  that  through  which  the  surface  passes  per- 
pendicularly to  the  axal  plane  CDD. 

Divide  the  circumference  DED'  of  the  base  into  any  num- 
ber of  equal  parts  at  the  points  E,  E',  E",  &c.  and  find  eC, 
e'G,  e"G,  &c.  the  seats  of  the  straight  lines  on  the  conic  sur- 
face drawn  from  C  to  each  of  the  points  E,  E',  E",  <fec.  sup- 
posing the  semicircle  DED'  perpendicular  to  the  axal  section 
CDD'. 

Through  the  points  i,  i',  i",  &c.  in  which  the  lines  eC,  e'G, 
e"C,  &c.  meet  YZ,  draw  the  straight  lines  BK,  t'L,  i"N,  &c. 
parallel  to  D'D,  meeting  the  axis  AC  in  the  points  B,  i',  M, 
&c.  and  CD  in  the  points  K,  L,  N,  &c.  Then  with  the  radial  sections  ADHB,  ADLi,  ADNM,  &c. 
and  the  bases  ADE,  ADE',  ADE",  &c.  of  the  sectroids,  describe  the  developments  DFGK,  DRHL, 
DSIN,  <kc.  and  through  the  points  Z,  G,  H,  &c.  draw  the  curve  ZHJ.  Join  CJ;  then  CZHJ  is 
the  development  required,  and  the  curve  ZI1J  is  the  development  of  the  original  of  the  line  of  sec- 
tion YZ. 


PROBLEM  XII. 

Given  a  section  AVD  of  a  cone  along  its  axis,  and  the  seat  e  of  any  point  E'  on  its  surface  in  that  section, 
to  find  the  place  of  the  original  point  E',  on  the  development  of  the  conic  surface. 

Let  AB'C'D'V  be  the  development  of  the  conic  surface  for  the  Fig-  74. 

semi-cone. 

Through  e  draw  the  straight  line  V6,  meeting  AD  in  6 ;  on 
AD,  as  a  diameter,  describe  the  semicircle  ABD,  and  draw  IB 
perpendicular  to  AD.  Make  AB'  equal  to  the  development  of 
AB.  Join  VB';  draw  ef  parallel  to  AV,  the  side  of  the  cone, 
meeting  AD  in/,  and  in  BV  make  B'E'  equal  tofe,  and  E'  will 
be  the  point  required. 

Or  if  AC'  be  the  development  of  the  quadrantal  arc  AC,  we 
might  have  found  C'B',  the  development  of  CB,  and  the  point 
E'  would  have  been  ascertained  as  before. 

This  method  of  finding  the  point  E'  on  the  development  is  evident  from  this  principle,  that  all  the 
lines  drawn  from  the  vertex  to  the  circumference  of  the  base  are  equally  inclined  to  the  axis. 

3c 
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PROBLEM  XIII. 

Given  the  section  AVD  of  a  cone  along  the  axis,  the  seat  KeL  of  any  line  on  the  curved  surface  in  that 

section,  to  find  the  development  of  the  line. 


Find  a  number  of  points  in  the  same  manner  as  the  point  E' 
was  found  by  the  preceding  Problem ;  and  through  all  the  points 
thus  found,  draw  a  curve  KE'L',  which  is  the  development  of  the 
line  of  which  the  seat  is  KeL. 

In  this  manner,  the  development  of  any  portion  of  a  conic 
surface,  of  which  seats  of  its  boundaries  are  given,  may  be 
found. 


Fig.  75. 


Fig.  76. 


EXAMPLE. 

Lei  it  be  required  to  find  the  development  of  a  conic  surface,  of  which  the  seat  is  bounded  by  the 
two  concentric  arcs,  AeD,  KmD,  and  the  straight  lines  AK,  DP. 

Here  we  have  nothing  more  to  do,  than  to  find  the  development 
of  the  boundaries  whose  seats  are  given  by  the  preceding  Problem, 
and  the  figure  AE'DT  M'K  will  be  the  development  required. 

Or  we  may  find  every  point  M  in  the  development  thus : — draw 
en  parallel  to  DA,  and  win  to  KA ;  make  E'M'  equal  to  inn;  in 
the  same  manner  find  the  other  points  in  KM'P'  and  AE'D',  and 
through  the  points  thus  found  draw  the  curves,  and  the  thing  is 
done. 


PROBLEM  XIV. 
Given  the  base  and  axis  of  a  semi-ungulus,  to  develop  the  curved  surface. 


Let  KPC  be  the  base  of  the  semi-ungulus.  (See  p.  358.) 
Draw  CH  perpendicular  to  PK,  meeting  PK  in  A,  or,  if 
necessary,  PK  produced.  Draw  CB  perpendicular  to  CA, 
and  make  CB  equal  to  the  height  of  the  axis.  On  the  semi- 
axis  CA,  CB,  describe  the  quadrant  ABC  of  an  ellipsis. 
Divide  the  arc  AB  into  parts  by  equal  chords  at  the  points 
1,  2,  3,  &c.  and  repeat  the  chord  as  often  upon  the  line  AH 
as  the  arc  AB  contains  one  of  the  parts,  and  let  the  points  of 


Fig.  77. 
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division  be  D,  E,  F,  &c.     From  the  points  1,  2,  3,  &c.  Fig  78. 

draw  straight  lines  perpendicular  to  AC,  meeting  AC  in 
d,  e,  f,  &c.  and  CK  in  I,  m,  n,  &c.  and  CP  in  q,  r,  s,  &c. 
Through  the  points  D,  E,  F,  &c.  draw  the  lines  LQ,  MR, 
NS.  &c.  parallel  to  KP.  Make  DL,  EM,  FN,  &c.  each 
respectively  equal  to  dl,  em,fn,  &c.  and  make  DQ,  ER, 
FS,  &c.  respectively  equal  to  dq,  er,fs,  &c.  Through 
the  points  K,  L,  M,  &c.  draw  a  curve,  and  through  the 
points  P,  Q,  R,  &c.  draw  another  curve,  and  the  figure 
PKH  contained  by  PK  and  the  two  curves  is  the  develop- 
ment required. 

As  it  may  not  always  be  convenient  to  draw  the  section  and  plan  to  the  full  size,  they  may  be 
drawn  in  the  following  manner  to  a  reduced  scale,  without  reducing  the  development. 

Draw  the  straight  line  G/.     In  GF  take  any  point  _       Fig-  79. 

A,  and  make  AG  equal  to  one-half,  one-third,  one- 
fourth,  &c.  of  the  base  of  the  right  radial  section,  and 
make  GF  equal  to  a  like  aliquot  part  of  the  height  of 
the  axis,  and  describe  the  curve  Ab  c  d  eF  so  as  to  be 
similar  to  the  right  radial  section. 

Divide  the  curve  Ab  c  d  eF  into  any  number  of  equal 
parts,  and  set  them  along  the  straight  line  A/,  marking 
the  extremity  of  every  second,  or  third,  or  fourth,  &c. 
part,  until  the  straight  line  A/  contain  as  many  equal 
parts  as  the  arc  AF,  so  that  A/  will  be  the  length  of 
the  curve  at  the  full  size. 

In  order  to  find  any  ordinate,  and  consequently  every  ordinate : — suppose,  for  instance,  that  cor- 
responding to  the  point  c  in  the  quadrantal  arc  Ab  c  d  eF.  Draw  AE  perpendicular  to  G/.  In  AE 
make  AC  equal  to  the  distance  which  the  middle  of  the  chord  of  the  base  is  from  the  plane  which 
passes  through  the  edge  of  the  sectroid  perpendicular  to  AE,  and  in  AE  make  AB  equal  to  half  the 
breadth  of  the  chord  of  the  base.  Join  GB  and  GC.  Draw  cP  and  q  m'  parallel  to  AE,  and  let  cP 
meet  GB  in  M,  and  GC  in  P.  In  q  m  make  p  m,  p  m'  each  equal  QM,  and  m,  m,  are  points  in  each 
curve.  In  the  same  manner  all  other  points  will  be  found  so  as  to  complete  the  gore  fm  D  E  m'f. 


SCHOLIUM. 


The  development  of  the  surface  of  every  solid  generated  by  the  motion  of  a  straight  line  moving 
parallel  to  a  fixed  straight  line,  and  passing  round  the  edge  of  a  given  figure  which  is  perpendicular 
to  the  fixed  straight  line,  may  be  found  in  the  same  manner  as  the  preceding  developments  of  the 
cylinder,  whatever  may  be  the  form  of  that  figure,  provided  that  a  rectangle  contained  on  one  side 
by  the  intersection  of  the  figure,  and  the  two  adjoining  sides,  one  by  the  line  of  departure  and  the 
other  by  the  line  of  arrival,  be  given. 

Or  the  development  of  any  part  of  that  surface  may  be  found,  if  the  seat  of  that  part  is  given  in 
the  rectangle,  or  any  line  of  which  the  seat  is  given  may  be  drawn  on  the  development. 

On  the  contrary,  if  a  line  be  given  in  the  development,  its  seat  may  be  found  upon  the  rectangle, 
which  is  the  plane  of  position. 
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DIAGRAMS  ILLUSTRATIVE  OF  THE  DEVELOPMENT  OF  SURFACES. 

[Plates  CXXXIV.— CXXXVIII.-] 

In  illustration  diagrams  are  exhibited  in  Plates  CXXXIV.  and  CXXXV.  showing  the  develop- 
ment of  surfaces  generated  by  a  straight  line  moving  parallel  to  itself;  the  references  being  made  bj 
similar  letters,  the  inspection  of  the  figures  will  be  sufficient  to  explain  the  process. 

These  plates  contain  the  various  forms  of  development  that  occur  in  practice,  as  applicable  to  the 
soffits  of  arches  in  doors,  windows,  recesses,  and  passages. 

In  all  these  diagrams,  the  point  E  is  in  the  middle  of  the  arc  which  forms  the  end  of  the  arch, 
Ae  on  the  straight  line  is  the  development  of  AE,  ed  is  equal  to  eA,  ep  is  equal  to  EP,  ef  is  equal 
to  ef. 

Where  there  is  not  sufficient  room  for  the  plan  and  sections  of  the  solid,  and  the  development  of 
its  surface  in  one  diagram,  Figs.  5,  6,  7,  Plate  CXXXIV.,  show  how  they  may  be  separated. 

The  development  Fig.  1,  Plate  CXXXVI.,  is  that  of  the  surface  of  a  groined  vault. 

The  developments  shown  in  Figs.  2,  3,  4,  5,  6,  are  applied  in  practice  to  polygonal  domes,  and 
are  exactly  the  reverse  of  the  development  of  the  groined  vault. 

Figs.  7  and  8  are  applied  to  any  prismatic  perforations  made  perpendicularly. 

The  developments  of  the  surfaces  of  domoids  are  described  in  the  same  manner  as  the  develop- 
ments of  a  sectroid. 

The  development  of  the  surfaces  of  solids,  formed  by  cylinders  and  cylindroids,  is  shown  in  Plate 
CXXXVII. ;  Fig.  1  is  the  plan  and  development  of  the  gore  of  one  of  the  sectroids  of  a  square  dome 
composed  of  four  equal  sectroids,  the  axal  section  perpendicular  to  one  of  the  sides  being  the  quadrant 
of  a  circle. 

Fig.  2  is  the  plan  and  development  of  the  gore  of  one  of  the  sectroids  of  another  square  dome,  the 
axal  section  perpendicular  to  one  of  the  sides  being  the  semi-segment  of  a  circle,  the  versed  sine 
being  the  axis  of  the  dome. 

Fig.  3,  the  plan  and  development  of  one  of  the  sectroids  of  an  octagonal  dome,  the  axal  section 
perpendicular  to  one  of  the  sides  being  the  quadrant  of  a  circle. 

Fig.  4,  the  plan  and  development  of  the  gores  of  the  curved  surfaces  of  two  adjacent  sectroids  of 
an  oblong  dome,  the  axal  section  perpendicular  to  the  least  side  being  the  quadrant  of  an  ellipsis, 
and  the  axal  section  perpendicular  to  the  longest  side  being  the  quadrant  of  a  circle. 

Fig.  5,  the  plan  and  development  of  the  gores  of  the  curved  surfaces  of  three  sectroids  of  an  ellip- 
tical octagonal  dome ;  the  axal  sections  perpendicular  to  these  three  sides  being  as  in  No.  2. 

In  Plate  CXXXVIII.  the  development  o/  the  surfaces  of  solids  of  revolution  is  explained. 

Domoids  with  curved  surfaces  must  be  covered  upon  the  principle  of  dividing  the  whole  into  sec- 
troids, and  supposing  each  sectroid  to  be  an  ungulus  of  a  cylinder  or  cylindroid,  or  the  lesser  segment 
of  an  ungulus,  according  to  the  nature  of  the  solid. 

It  is  evident  that,  by  increasing  the  number  of  sectroids,  the  angles  of  the  surfaces  will  become 
more  obtuse,  and  by  continually  increasing  this  number  it  will  ultimately  acquire  a  uniform  curva- 
ture, and  therefore  will  not  perceptibly  differ  from  the  surface  of  a  domoid  which  has  a  circular  or 
elliptic  base. 

When  the  sections  perpendicular  to  'one  of  the  axes  are  circular,  and  the  axes  pass  through  the 
centres  of  the  circles,  and  when  the  sections  along  the  axis  are  equal  and  similar  ellipses,  having  the 
axis  of  the  solid  for  the  axis  major  or  minor  of  each  ellipsis,  the  domoid  ought  to  be  divided  into 
equal  sectroids. 
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Fig.  1,  No.  1,  the  elevation  of  a  circular  domoid,  having  all  its  radial  sections  quadrants  of  circles. 

In  No.  2  are  givep  the  radial  ACQ  of  the  domoid,  and  the  base  BCD  of  a  sectroid,  to  find  the  de- 
velopment of  the  gore,  the  base  of  the  sectroid  being  an  isosceles  triangle,  and  the  point  A  its  vertex. 

The  development  EDF  of  the  gore  will  be  found  by  Prob.  xiv.  p.  59. 

*Here  we  have  supposed  the  dome  to  consist  of  isosceles  sectroids,  of  which  each  is  the  semi 
ungulus  of  a  cylinder,  and  that  the  curved  surface  of  each  sectroid  is  in  contact  only  with  the  edgi 
of  the  radial  section,  which  bisects  the  angle  at  the  axis  of  that  sectroid ;  and  therefore  the  base  i« 
a  polygon  circumscribing  the  circular  base  of  the  dome. 

The  development  of  one  of  the  equal  and  similar  sectroids  of  a  domoid  which  has  a  circular  base, 
and  has  its  section  through  the  axis  a  segment  less  than  a  semicircle,  may  be  found  without  the 
necessity  of  laying  down  the  base  of  the  sectroid. 

It  will  be  necessary,  however,  to  show  how  the  development  of  the  arc  may  be  found  arithmetically. 

For  this  purpose,  let  z  =  the  length  of  the  arc,  s  =  the  sine  or  half  chord,  and  v  =  the  versed 
sine :  then  the  numeral  values  of  the  sine  and  versed  sine  being  substituted  in  the  following  formula, 

_  2s  (6s2  +  5«2) 

=    '     6s2  +  t,2 

will  give  the  development  of  the  half  arc  nearly ;  and  this  is  the  development  of  the  arc  of  the  racliui 
section  of  the  sectroid. 

EXAMPLES. 

1.  Let  it  be  required  to  find  the  length  or  the  development  of  the  arc  of  a  segment,  of  which 
the  chord  is  30  feet,  and  the  versed  sine  15  feet. 

30 

The  sine  is  15  =  -^,  so  that,  in  this  case,  the  sine  and  the  versed  sine  are  equal,  or  the  arc  a 
semicircle ;  therefore  the  sine  may  be  substituted  in  the  formula  for  the  versed  sine.  Whence 
z  =  — a  2  4.  j —  wiH  become  -=-y  =  -=-.  Consequently,  by  substituting  15  for  s,  we  shall  havo 

z  =  — Y —  =  47f>  which  is  the  length  of  the  arc ;  and  here  the  formula  coincides  with  the  propor- 
tion of  Archimedes. 

2.  Let  it  be  required  to  find  the  development  of  the  arc  of  a  circle,  of  which  the  chord  is  40  feet, 
and  the  versed  sine  15. 

By  substituting  the  numbers  for  their  representatives, 

_  2-20  (6-2Q3  +  5-lff)  _  40  (2400  +  1125)  _  40  X  3525  _  ro  y  f 

6-202  +  i$!  2400  +  225  2625   ~ 

which  is  the  length  of  the  arc,  nearly. 

Let  it  now  be  required  to  find  the  curve  of  the  axal  section  of  a  circular  dome,  of  which  the 
diameter  of  the  base  is  40  feet  and  the  height  of  the  axis  15  feet. 

Here  the  radial  section  is  half  the  segment  of  a  circle,  of  which  the  sine  or  half  chord  is  20  feet, 
and  the  versed  sine  15  feet.  The  length  of  the  arc  of  the  radial  section  to  this  would  be  the  half  of 
53'7,  which  is  26'85  feet;  and  this  is  the  length  of  the  development  of  one  of  the  gores. 

PROBLEM  XV. 
To  form  the  gores  of  a  domoid  without  the  radial  section  or  base  of  the  sectroid. 

Find  the  development  of  the  length  of  the  arc,  and  the  height  of  the  segment  of  a  circle  of  which 
the  breadth  of  the  gore  shall  be  its  chord.  Draw  a  straight  line  equal  in  length  to  the  development 
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of  the  arc.  Through  one  extremity  draw  a  perpendicular,  on  which  set  half  the  breadth  of  a  gore, 
and  produce  the  straight  line  first  drawn  on  the  other  side  of  the  perpendicular,  making  the  part 
produced  equal  in  length  to  the  versed  sine  of  an  arc,  of  which  the  sine  will  be  to  the  versed  sine  as 
the  radius  of  the  base  of  the  dome  is  to  the  height  of  that  dome,  and  of  which  the  sine  is  equal  to 
the  breadth  of  the  gore. 

Having  described  the  arc  belonging  to  the  sine  and  versed  sine,  divide  this  arc  into  any  number 
of  equal  parts,  and  divide  the  development  of  the  length  of  the  gore  into  as  many  equal  parts : 
through  the  points  of  division  in  the  arc,  draw  sines  to  the  several  arcs  from  the  summit  of  the 
versed  sine,  and  through  the  points  of  division  in  the  line  of  development  draw  straight  lines  per- 
pendicular to  and  on  each  side  of  it. 

Begin  at  the  greatest  of  the  sines,  and  take  their  lengths  respectively,  and  set  them  from  each 
point  of  intersection  on  each  opposite  part  of  the  perpendicular,  one  after  the  other,  beginning  on 
the  first  perpendicular  next  to  the  base  of  the  gore. 

Draw  a  curve  through  the  points  thus  found  on  the  one  side  of  the  line  of  development,  and  then 
on  the  other,  and  the  figure  contained  by  the  two  curves  and  the  chord  of  the  entire  segment  is  the 
development  of  the  gore  required. 


„. 


EXAMPLE. 

Let  it  be  required  to  describe  the  development  of  a  gore  for  a  circular  dome,  of  which  the  section 
along  the  axis  is  the  segment  of  a  circle  having  a  chord  of  40  feet,  and  a  versed  sine  of  15  feet  in 
the  axis  of  the  dome,  so  that  the  breadth  of  the  gore  shall  be  12  inches  at  the  bottom. 

As  the  height  of  the  dome  is  to  half  the  diameter  of  its  base,  so  is  half  the 
breadth  of  the  gore  at  the  bottom  to  the  versed  sine  of  a  segment  similar  to 
the  axal  section  of  the  dome.  Thus. 

Ft          Ft  In.        In. 

20  :   15  :  :  6  :  41 
6 

20)90 

4-5 

Draw  the  straight  line  CD,  and  suppose  CD  equal  to  the  length  of  the  arc, 
viz.  26  feet  10  inches.  Through  C  draw  AB  perpendicular  to  CD,  and  sup- 
pose CA  and  CB  each  to  be  equal  to  6  inches.  Produce  DC  to  E,  and  make 
CE  equal  to  41  inches.  Describe  the  arc  AEmB,  of  which  the  chord  is  AB 
and  the  versed  sine  CE. 

Divide  the  arc  BE  into  any  number  of  equal  parts,  one  at  m ;  also  divide 
the  straight  line  CD  into  the  same  number  of  equal  parts,  one  being  at  P. 
Make  CP  every  where  as  many  of  the  equal  parts  of  CD  that  BM  is  of  BE. 
Draw  the  lines  pm  parallel  to  AB,  meeting  CE  in  p,  and  the  lines  MM' 
through  P  parallel  to  AB.     Make  PM,  PM'  equal  to  p  m,  and  the  lines  pass- 
ing through  the  other  points  of  division  in  the  same  manner.     Through  the  points  M  draw  a  curve, 
which  will  be  one  edge  of  the  gore;  in  the  same  manner  draw  the  other  edge,  which  will  complete 
the  development. 
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In  this  manner  the  development  of  a  board  or  gore  of  a  dome  can  be  described,  whatever  may  bo 
the  form  of  the  radial  section.  It  is  only  describing  a  figure  on  the  base,  exactly  similar  to  the 
radial  section  of  the  dome.— See  Figs.  1,  2,  No.  3.  Plate  CXXXVIII. 

I»  Fig.  3,  the  curvature  ACEQP  of  the  axal  section  retrogrades,  and  the  development  BDFG 
will  partake  of  the  same  form ;  and  when  the  dome  is  truncated,  it  is  obvious  that  the  development 
of  the  gore  must  also  be  truncated,  as  in  No.  2,  Fig.  2,  No.  3,  Fig.  2,  and  No.  2,  Fig.  3. 

Fig.  4  is  the  representation  of  an  ellipsoidal  dome,  No.  1  being  the  elevation,  and  No.  2  the  plan, 
exhibiting  the  orthoprojection  of  the  gores  or  curved  surfaces  of  the  sectroids. 

Fig.  5  represents  the  plan  and  elevation  of  a  dome  in  the  form  of  an  elliptic  conoid. 

No.  3,  Figs.  4  and  5,  shows  the  manner  of  forming  the  development  of  both  domes,  which  in  fact 
are  portions  of  the  same  solid ;  with  this  difference,  that  the  quiescent  axis  of  the  solid  in  Fig.  4  is 
in  the  plane  of  the  base,  and  in  Fig.  5  it  is  perpendicular  to  the  base. 
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SECTION    IV. 
PRINCIPLES  OF  THE  FORMATION  OF  ARCHES  OF  DOUBLE  CURVATURE. 

DEFINITIONS. 

1.  AN  arc  of  double  curvature  is  a  curve  liiio  in  which  three  points  may  be  so  taken,  that  the  plane 
passing  through  these  points  will  not  pass  through  all  the  other  points  in  that  curve. 

2.  Arches  of  double  curvature  are  those  which  are  formed  by  the  curved  surfaces  of  two  different 
solids,  whose  intersection  forms  an  arc  of  double  curvature. 

3.  A  sphero-cylindric  arch  is  an  arch  of  double  curvature,  formed  by  the  intersection  of  a  sphere 
and  cylinder,  when  the  sphere  surmounts  the  cylinder. 

4.  A  cylindro-spheric  arch  is  an  arch  of  double  curvature,  formed  by  the  intersection  of  a  sphere 
and  cylinder,  when  the  cylinder  surmounts  the  sphere. 

The  same  is  to  be  understood  by  the  composition  of  any  other  two  bodies,  as  sphero-conic,  cono- 
spheric,  &c. ;  the  body  which  surmounts  the  other  being  designated  by  the  termination  o,  and  the 
arc  which  is  surmounted  by  the  termination  ic. 

Arches  of  double  curvature  may  be  constructed  in  an  infinite  variety  of  forms ;  but  we  shall  limit 
the  number,  by  only  employing  the  surfaces  of  siz  solids : — the  cylinder,  the  cylindroid ;  the  cone, 
the  cuni-conoid ;  the  sphere,  and  the  spheroid ;  which  being  selected  in  twos  out  of  these  six,  will 
form  fifteen  combinations,  and  consequently  fifteen  different  arches. 

In  the  construction  of  arches  of  double  curvature,  let  it  be  understood,  unless  expressed  to  the 
contrary,  that  only  a  portion  not  exceeding  the  half,  cut  by  a  plane  from  each  entire  solid,  is  em- 
ployed ;  and  that  in  the  cylinder,  cylindroid,  or  cone,  the  cutting  plane  either  passes  along  the  axis, 
or  is  parallel  to  the  axis ;  and  in  solids  of  revolution,  the  cutting  plane  is  perpendicular  to  the  axis ; 
and  that,  in  both  solids  which  form  an  arch  of  double  curvature,  the  planes  formed  by  the  cutting 
plane  are  in  the  same  plane ;  and  that  in  a  cylindroid  the  portion  of  the  solid  is  the  archoid  of  a 
cylindroid. 

5.  When,  in  an  arch  of  double  curvature,  the  axes  of  both  solids  are  entirely  in  the  same  plane, 
the  arch  is  called  a  right  arch  of  double  curvature. 

6.  When,  in  an  arch  of  double  curvature,  the  axes  of  both  solids  are  not  in  the  same  plane,  the 
arch  is  said  to  be  oblique. 
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PROBLEM  I. 

* 

Given  any  two  parallel  lines  in  the  determinating  plane  of  a  cylinoid,  and  the  end  of  the  cylinoid,  to  con- 
struct that  portion  of  this  solid  which  is  contained  between  two  planes,  each  passing  along  each  of  the 
parallel  lines  perpendicularly  to  the  determinating  plane. 

Let  the  determinating  plane  be  ADCG,  and  let  V  be  the  Fig.  81. 

given  end  of  the  cylinoid,  and  GO  and  m  I  be  the  two  par- 
allel lines. 

Find  "W,  the  oblique  end,  in  the  same  manner  as  in  Prob. 
i.  p.  346.  Join  B«,  the  two  inner  extremities,  and  draw  eF 
parallel  to  BC,  meeting  the  outer  curve  GFH  in  the  inter- 
mediate point  F,  and  draw  Cn  perpendicular  to  BC,  meeting 
m  I  at  n,  and  join  Be. 

In  No.  2,  draw  the  two  parallel  lines  NO  and  QT  at  the 
distance  Cn,  No.  1,  and  draw  n  «'  perpendicular  to  NO, 
meeting  NO  at  n,  and  QT  at  e'.  In  the  plane  QTVU  draw 
tfF,  making  the  angle  Qe'F  equal  to  BeF,  No.  1 ;  and  in  the 
plane  NOKA,  and  at  the  point  n  in  the  straight  line  NO, 
draw  nF,  making  the  angle  NnF  equal  to  the  angle  BeF, 
No.  1.  In  nF  make  ne  equal  to  nl,  No.  1,  and  through 
e  draw  LM  parallel  to  NO.  Let  QTON  be  considered  as 
the  edge  of  a  plank,  e'  n  its  thickness,  NOKA  the  face  of 
the  plank,  and  QTVU  the  under  surface  parallel  to  the  face, 
the  three  sides  being  developed  in  one  plane.  Apply  the 
section  W  of  the  oblique  end  as  a  mould  to  the  plank  No.  2, 
first  to  the  face  NOKA,  so  that  the  points  B  and  e  in  the 
mould  may  be  in  the  straight  line  LM,  the  point  e  in  the 
mould  being  upon  e ;  then,  having  with  a  pencil  drawn  the 
shape  of  the  mould  on  the  top,  remove  and  apply  it  to  the 

under  side  QTVU,  so  that  the  points  B  and  e  in  the  mould  may  be  in  the  line  QT,  the  point  e  in 
the^nould  being  upon  e'  in  the  line  QT,  and  draw  the  shape  of  the  mould:  then  the  figure  on  each 
side  of  the  plank,  which  is  identical  with  W,  will  be  the  two  sides  of  the  solid  to  be  formed ;  and  by 
cutting  away  the  material  on  the  outside  of  these  lines,  so  that  a  straight  edge  parallel  to  the  straight 
line  6B  on  the  edge  of  the  plank  may  coincide  with  the  surface,  connecting  the  outlines  formed  by 
the  application  of  the  mould,  we  shall  have  the  solid  contained  between  the  two  parallel  planes  as 
required. 


SCHOLIUM. 
CXXXIX.  and  CXC.] 

By  this  method  the  edges  of  angle  brackets,  the  curve  edges  of  cove  brackets,  the  angle  ribs  of 
groins,  hand-rails  of  stairs,  &c.  are  formed  in  a  more  simple  manner,  and  out  of  less  material  than 
by  the  old  methods. 

This  principle  is  further  explained  in  Plate  CXXXIX.,  showing  the  mode  of  forming  the  edges 
of  ribs,  brackets,  or  hand-rails,  to  range  in  prismatic  surfaces. 

3D 
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Fig.  1,  No.  1,  is  the  mould  drawn  out  as  if  it  were  the  section  of  a  cylinoid;  the  figure  may  be 
that  of  the  angle  rib  of  a  groin,  or  that  of  the  angle  rib  of  a  cove  bracket.  No.  2  is  the  application 
of  the  mould  to  the  plank. 

Fig.  2,  No.  1,  may  represent  the  face  mould  of  a  hand-rail.  The  face  mould  may  be  applied  to 
the  plank  in  any  other  direction  besides  that  of  bringing  the  points  to  the  edge  of  the  plank,  and  this 
will  be  useful  either  to  avoid  a  bad  part  of  the  wood,  or  to  match  the  grain  in  any  manner  which 
may  be  desired.  In  Fig.  2,  No.  2,  suppose,  for  instance,  that  TQUV  is  the  top  of  the  plank; 
TONQ  the  narrow  surface  in  which  the  thickness  is  measured,  commonly  called  the  edge,  perpen- 
dicular to  the  plane  TQUV ;  and  that  ONAK  is  the  under  face,  and  consequently  parallel  to  the 
plane  TQUV. 

Suppose  now  the  mould  eEq  rFs  t  e  to  be  placed  in  No.  2  in  the  situation  required,  upon  the  face 
TQUV. 

Draw  e  n  perpendicular  to  TQ  or  ON,  meeting  TQ  in  v,  and  ON  in  to.  Make  w  n  equal  to  t>  e. 
In  eF  produced,  take  any  point  I ;  draw  IJ  perpendicular  to  TQ  or  ON,  meeting  TQ  in  x,  and  ON 
in  y.  Make  j/J  equal  to  xl,  and  join  nJ.  In  nJ  make  n  e  equal  to  Cn,  No.  1 ;  then  apply  the 
mould,  so  that  the  line  eB,  which  is  drawn  upon  it,  may  be  on  the  line  nJ,  and  the  point  e  in  the 
mould  upon  e  in  the  plank,  and  the  plank  will  be  properly  lined  out  for  forming  the  perpendicular 
sides  of  the  rail. 

Fig.  2,  No.  3,  shows  the  same  lines  by  bringing  the  points  of  the  mould  to  the  edge  of  one  face  of 
the  plank. 

"Plate  CXL.  is  to  the  same  purpose ;  but,  as  it  depends  on  the  principles  of  solid  angles,  we  shall 
at  present  pass  over  the  description. 


PROBLEM  II. 

To  construct  a  cylindro-cylindric  right  arch  with  concentric  intrados  and  extrados,  having  their  axis  par- 
allel to  the  base,  and  that  of  the  other  which  is  of  greater  diameter  perpendicular  to  the  base. 


A 


METHOD  1. 

Let  a  b  t  c  be  the  arc,  and  conse-  F'S-  82- 

quently  the  base  of  the  cylinder,  which 
has  its  axis  vertical,  and  let  e  be  its 
centre. 

Through  e  draw  any  line  eU,  meet- 
ing the  arc  abc  in  6.  Through  any 
point  U  in  eU,  draw  FL  perpendicular 
to  eU. 

From  U,  with  the  radii  of  the  cylin- 
dric  surfaces  which  form  the  extrados 
and  intrados  of  the  arch,  describe  the 
arcs  FkL,  RgrM,  meeting  FL  in  R,  M, 

as  well  as  in  F  and  L.  Draw  Fa  and  Ms  parallel  to  eU,  and  let  MS  meet  a  be  in  t.  Draw  as 
perpendicular  to  eU,  meeting  eU  in  d.  Find  the  development  A'D'B'  of  that  portion  of  a  cylindric 
surface  represented  by  its  seat  a  d  b,  the  radius  of  the  cylinder  being  UF ;  also  find  the  development 
S'T'B'D'  of  that  portion  of  a  cylindric  surface  represented  by  its  seat  s  t  b  d :  then  if  a  hollow  semi- 
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cylinder  \ith  its  end  peipendicular  to  the  axis  be  made,  and  the  development  A'D'B'  be  applied  on 
the  outside  with  the  straight  edge  A'D'  close  to  the  end,  and  the  point  A  in  the  base  ;  and  drawing 
a  line  by  the  curved  edge,  first  upon  one  side  and  then  upon  the  other,  and  the  development  S'T'B'D' 
be  applied  to  the  intrados  in  the  same  manner  to  each  half,  and  lines  drawn  to  each  application ; 
then,  cutting  away  the  superfluous  wood  between  the  lines  on  the  upper  and  under  surface,  the  arch 
required  will  be  formed. 


SCHOLIUM. 

This  method  of  constructing  a  cylindro-cylindric  right  arch  is  well  adapted  to  a  small  arch  made 
in  one  piece,  or  even  to  a  large  arch,  where  the  versed  sine  BD  of  the  segment  of  the  base  formed 
by  the  intersection  of  the  two  cylinders  on  the  plane  of  their  bases  is  very  small.  Suppose,  for  in- 
stance, that  a  circular  bow  in  the  wall  of  a  house  has  a  chord  of  18  feet,  and  versed  sine  §  feet,  and  that 
a  window  4  feet  wide  with,  a  semicircular  head  is  to  be  inserted  in  the  bow,  the  versed  sine  answering  to 
a  chord  of  4  feet  will  not  exceed  2i  inches.  In  this  case,  the  waste  of  material  will  not  be  of  much 
consequence ;  but  where  the  arch  is  large,  and  the  versed  sine  considerable,  the  following  method 
will  be  more  eligible  :— 


METHOD  2. 

Let  o  eO  be  the  seat  of  the  intersection  of  Fig.  83. 

the  two  cylindric  surfaces. 

Let  Ts  represent  the  axis  of  the  cylinder, 
being  parallel  to  the  plane  of  projection. 

Through  T  draw  FX  perpendicular  to  Ts. 
In  FX  make  TU  equal  to  the  radius  of  the 
intrados  of  the  arch,  and  make  TF  .of  any 
convenient  length  greater  than  TU.  With 
the  radii  TU  and  TF,  describe  the  semicir- 
cular arcs  UVW  and  FKX.  Draw  Fa  and 
XO  parallel  to  Ts.  Join  the  half  chords  o  e 
and  eO.  Draw  o  k  at  any  convenient  distance 
which  the  thickness  of  stuff  might  require 
parallel  to  a  e,  meeting  Fa  in  o,  and  Ts  in  k. 

We  have  now  given  two  parallel  lines  a  e 

and  ok  in  the  determinating  plane  FTea  of  a  cylinoid,  and  the  end  of  the  cylinoid  FKT  or  TKX. 
to  construct  that  portion  of  the  solid  between  two  parallel  planes  passing  along  each  of  the  parallel 
lines  perpendicular  to  the  determinating  plane  FTea.  This  being  done  by  Prob.  i.  p.  393,  the  next 
thing  is  to  find  the  curved  surfaces  of  the  horizontal  cylinder,  by  the  two  developments  OAEK, 
QREK,  Nos.  1  and  2.  The  curve  OK'  in  No.  1,  and  QK',  No.  2,  agreeing  with  ok  and  qlc,  will 
coincide  with  the  face  of  the  plank,  and  the  curves  AE',  No.  1,  and  RE',  No.  1,  will  be  the  face  of 
the  wall  when  each  of  these  moulds  are  bent,  one  upon  the  exterior  and  the  other  into  the  interior 
eylindric  surface :  then  the  superfluous  wood  being  cut  away  will  form  the  solid  for  one  half  of  the 
arch  ;  the  other  half  will  be  found  in  the  same  manner  by  reversing  the  application  of  the  moulds. 
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PROBLEM  III. 

Given  the  seat  of  the  curve  of  an  arch  of  double  curvature  formed  by  the  intersection  of  two  cylindric 
surfaces,  of  which  the  axis  of  the  one  is  perpendicular,  and  that  of  the  other  parallel  to  the  plane  of 
projection,  to  form  any  portion  of  that  arch. 


Let  a  b  c  d  ef  be  the  seat  of  the  intersec-  Fig.  84. 

tion  of  the  two  surfaces,  or  an  arc  of  the 
circumference  of  the  cylinder  which  has  its 
axis  vertical,  and  let  q  I  be  the  seat  of  the 
axis  of  the  horizontal  cylinder. 

Prolong  q  I  to  L,  and  from  any  convenient 
points  s  and  I  in  qL,  draw  sG  and  m  g  per- 
pendicular to  gL.  From  s,  with  the  radius 
of  the  horizontal  cylinder  describe  the  arc 
TUVWXY,  meeting  sG  in  T.  Let  it  now 
be  supposed  that  we  wish  to  form  the  portion 
TY  of  the  arch  required. 

From  s,  with  any  convenient  radius  sG' 
greater  than  sT,  describe  the  arc  GHIKLM. 
Through  Y,  draw  /M  parallel  to  q  e,  meet- 
ing m  g  at  m,  and  through  G  draw  Ga  also  parallel  to  q  e.     Draw  Tp  parallel  to  q  e,  meeting  m  g  in 
t,  and  the  curve  a  b  c  d  ef  in  p. 

Find  the  development  A'F'M'G'  of  that  portion  of  a  cylindric  surface  of  which  the  seat  is  afm  g, 
the  axis  q  e,  and  the  radius  sG ;  and  find  the  development  FT'Y'F'  of  that  .portion  of  a  cylindric 
surface  of  which  the  seat  is  ptmf,  the  axis  qe,  and  the  radius  sT ;  then  apply  the  two  developments, 
and  form  the  arch  as  in  the  preceding  Problem. 


SCHOLIUM. 
[Plates  CXLI.—CXLIII.} 

This  principle  may  be  applied  to  any  arch  of  double  curvature  formed  by  any  two  prismatic  curved 
surfaces,  or  by  curved  surfaces  generated  by  parallel  motion,  provided  that  the  straight  lines  on  the 
curved  surface  of  the  one  solid  be  parallel,  and  those  of  the  other  solid  perpendicular  to  the  plane  of 
projection. 

Plate  CXLI.  shows  the  construction  of  a  niche  in  a  circular  wall.  The  front  rib  is  formed  into 
equal  pieces,  in  illustration  of  the  second  method  of  Prob.  ii.  p.  394. 

With  regard  to  the  formation  of  the  under  surface  of  the  rib,  draw  KH  at  a  convenient  distance 
from  the  chord  1C,  meeting  the  inner  circular  arc  of  the  plan  in  F.  Continue  the  arc  EF  to  G, 
and  GFH  will  be  the  angle. 

Here  the  vertical  side  of  the  front  rib  is  a  plane  surface.  The  straight  side  FH  of  the  bevel 
HFG  is  applied  to  the  plane  of  the  inside  of  the  front  rib,  and  the  stuff  is  cut  away  from  the  inner 
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arc  to  the  cjlindric  surfave  on  the  outside,  until  the  curved  edge  FG  coincide  in  all  parts,  and  thus 
form  the  intrados  of  the  front  rib  in  the  portion  of  a  spheric  surface. 

Plate  CXLII.  shows  how  an  arch  in  a  circular  wall  with  a  conic  intrados  may  be  executed  in 
three  parts ;  the  bevel  shown  at  the  end  belongs  to  the  middle  piece.  In  the  execution  pf  this,  the 
learner  must  first  understand  how  the  section  of  a  semi-cone  perpendicular  to  a  plane  passing  through 
the  axis  is  to  be  found. 

Plate  CXLIII.  shows  a  method  of  executing  a  spherical  niche  in  a  circular  wall  by  forming  the 
intrados  in  a  conic  surface  instead  of  a  cylindric  surface. 


*vt    Stixt 
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PART   VI. 

PERSPECTIVE 


PERSPECTIVE  is  the  art  of  drawing  on  a  plane  surface  true  resemblances  or  pictures  of  objects,  as  the 
objects  themselves  appear  to  the  eye,  from  any  distance  and  situation,  real  or  imaginary. 

In  order  to  understand  the  principles  of  perspective,  it  will  be  proper  to  consider  the  plane  on 
which  the  representation  is  to  be  made  as  transparent,  and  interposed  between  the  eye  of  the  spec- 
tator and  the  object  to  be  represented.  Thus,  suppose  a  person  at  a  window  looks  through  an 
upright  pane  of  glass  at  any  object  outside,  and,  keeping  the  eye  steady,  draws  the  figure  of  the 
object  on  the  glass,  following  the  various  outlines  as  if  thg  pencil  touched  the  object  itself;  he  would 
then  have  a  true  representation  of  the  object  in  perspective,  as  it  appears  to  the  eye ;  for  every  part 
of  the  picture  would  coincide  with  the  corresponding  part  of  the  real  object,  and  if  a  line  were  drawn 
from  the  eye  through  any  point  of  the  drawing  on  the  glass,  it  would,  if  continued,  touch  the  same 
point  of  the  distant  object. 

This  method  of  tracing  the  outlines  of  objects,  or  at  least,  some  more  convenient  devices,  for  the 
same  purpose  (as  we  shall  have  occasion  to  mention  when  speaking  of  the  Camera  Lucida)  are 
sometimes  eztremely  useful  in  obtaining  accurate  views  where  the  objects  occur  in  suitable  situations, 
or  may  be  set  up  as  models ;  but  in  many  cases  this  facility  does  not  present  itself,  and  we  are  re- 
quired to  make  drawings  of  objects  that  either  do  not  exist  in  reality,  or  not  in  the  positions  in 
which  it  may  be  desired  to  represent  them.  On  these  and  many  other  occasions  mechanical  means 
cannot  be  resorted  to,  neither  can  any  facility  of  sketching  acquired  by  practice  prove  at  all  times 
sufficient  for  drawing  a  perfect  outline. 

Certain  rules  have  therefore  been  made,  deduced  from  the  principles  already  explained,  for  dis- 
covering the  positions  of  the  various  lines  which  form  the  outlines  of  objects,  when  the  figure,  mag- 
nitude, and  distance  of  the  objects  are  known,  and  these  rules,  together  with  the  demonstrations  of 
their  truth,  constitute  the  practice  and  theory  of  perspective. 

The  surface  on  which  the  object  of  view  is  represented,  is  called  the  picture,  or  the  plane  of  the 
picture,  which  is  always  supposed  to  stand  upright,  or  perpendicular  to  the  horizon.* 

*  In  the  various  books  on  perspective,  the  representations  are  always  supposed  to  be  made  on  a  plane,  perpendicular 
to  the  horizon;  and  indeed  that  is  always  done  in  detached  pieces,  for  it  would  be  absurd  to  produce  a  picture  so  con- 
trived that  the  spectator  must  view  it  under  an  angle  to  see  it  to  advantage:  the  consequence  of  such  an  arrangement 
would  be,  that  it  would  seem  much  distorted,  unless  the  spectator  placed  himself  in  a  position  which  no  man  in  his 
senses  would  choose  in  viewing  a  work  of  art.  In  pictures  which  decorate  the  ceilings  of  buildings,  there  are,  however, 
numerous  examples  of  perspective,  where  the  plane  of  the  picture  is  inclined,  or  even  parallel  to  the  horizon ;  or  where 
the  surface  is  curved,  as  in  internal  domes,  cylindrical  vaulting,  coves,  &c. 

This  species  of  decoration  is  seen  in  many  Italian  churches,  and  in  some  of  our  own  public  buildings;  and  where  the 
design  is  confined  to  human  figures,  or  objects  which  allow  considerable  latitude  in  the  position  of  the  spectator  without 
much  distortion,  the  effect  is  sometimes  tolerable:  but  unfortunately  the  painters  of  old  frequently  chose  to  represent 
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If  a  person  stand  in  a  long  avenue  or  walk,  which  is  straight  and  equally  broad  throughout,  the 
sides  seem  to  approach  nearer  and  nearer  to  each  other  as  they  are  farther  from  the  eye,  and  if  the 
avenue  be  very  long,  the  sides  appear  to  meet  in  a  point.  From  these  preliminary  observations  the 
following  conclusions  will  be  sufficiently  obvious. 

Upright  straight  lines,  (as  the  angles  of  buildings,  &c.,)  being  parallel  to  the  plane  of  the  picture, 
become  upright  and  parallel  in  the  picture  itself. 

Parallel  straight  lines,  whether  horizontal  or  inclined,  which  lie  in  a  plane  parallel  to  that  on 
which  the  picture  is  drawn,  become  also  parallel  to  each  other  in  the  picture.  All  other  parallel 
straight  lines  will  converge  to  a  point,  either  in  the  picture,  or  at  a  distance  out  of  the  picture,  that 
is,  out  of  the  boundaries  generally  fixed  upon  as  the  sides  of  the  drawing ;  and  the  points  to  which 
such  lines  converge  are  called  the  vanishing  points  of  those  lines  ;  but  it  may  perhaps  prevent  con- 
fusion, if  we  consider  the  picture  as  unlimited  in  extent,  in  which  case  all  such  lines  will  converge  to 
a  point  within  the  picture,  as  in  the  example  we  have  adduced  of  the  long  avenue. 

We  will  now  proceed  to  the  most  useful  rules  for  drawing  all  kinds  of  figures  in  perspective.  The 
demonstrations  could  not  be  given  in  a  work  embracing  so  many  objects,  without  a  sacrifice  of  some 
matter  more  acceptable  to  the  greater  number  of  readers. 


PEINCIPLES  OF  PEKSPECTIYE. 


IPlate  CXLir.] 

Let  ABCD,  Plate  CXLIV.,  be  a  flat  board  or  surface  of  any  kind,  or  it  may  represent  in  minia- 
ture the  ground  we  walk  upon,  and  it  is  therefore  called  the  ground  plane,  whether  denoting  the  real 
surface  of  the  ground,  or,  as  in  this  case,  the  support  of  a  model.  Let  a  be,  &c.  denote  the  model 
of  a  house  standing  on  such  plane. 

Let  M  be  the  point  on  which  the  spectator  is  supposed  to  stand,  which  is  therefore  called  the 
station  point ;  and  let  MO  be  a  perpendicular  to  the  ground  plane,  drawn  from  M  the  station  point, 
to  0  the  position  of  the  spectator's  eye.  The  point  0  is  called  the  point  of  sight. 

Let  IWXN  be  the  plane  of  the  picture,  raised  perpendicularly  on  the  ground  plane  ABCD  ;  the 
line  IN  in  which  the  plane  of  picture  meets  the  ground  plane  is  called  the  intersecting  line;  and  the 
straight  line  VL  parallel  to  IN,  and  at  a  distance  from  it  equal  to  MO,  the  height  of  the  eye,  is 
called  the  vanishing  line  of  the  ground  plane  ABCD,  and  consequently  of  all  other  planes  parallel  to 


architectural  subjects,  such  as  a  supposed  continuation  of  the  building  upwards  by  the  addition  of  a  painted  order,  or  the 
appearance  of  a  dome  supported  on  pilasters,  painted  on  a  flat  circular  ceiling.  These  always  appear  miserably  distorted 
unless  seen  from  one  particular  point,  and  as  there  is  no  reason  why  a  spectator  should  stand  in  one  part  of  the  floor 
rather  than  another,  the  general  bad  effect  is  the  most  striking  feature  of  such  productions.  It  is  to  be  lamented  that 
artists  of  acknowledged  reputation  should  have  so  far  mistaken  the  object  of  painting  as  to  waste  their  time  on  such 
futile  attempts  at  illusion:  thus  converting  one  of  the  greatest  ornaments  of  architecture  into  an  absolute  deformity. 

Panoramic  painting  is  performed  on  the  interior  of  a  cylinder,  in  the  axis  of  which,  at  a  certain  height  from  the  bottom, 
is  the  station  point ;  and  as  the  spectator  is  not  permitted  to  approach  near  the  picture,  the  effect  of  panoramas,  so  far 
at  least  as  perspective  is  concerned,  is  the  most  perfect  that  art  can  produce. 


SECT.  V.] 
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it.*  Now  in  order  to  find  the  perspective  representation  of  the  house  on  the  picture,  draw  OL  par- 
allel to  be,  the  line  of  one  front  of  the  house,  and  the  point  L  in  the  line  VL  is  called  the  vanishing 
point  of  the  line  b  c,  and  of  all  lines  parallel  to  it.  In  like  manner  draw  0V  parallel  to  b  a,  the  other 
front,  and  the  point  V  is  the  vanishing  point  of  b  a,  and  of  all  other  lines  parallel  to  b  a,  as  d  g,  e  h, 
f  i,  the  lines  of  the  root. 

Through  the  vanishing  point  L,  draw  KJ  perpendicular  to  the  vanishing  line  VL  ;  and  through 
the  point  of  sight  0,  draw  OJ  and  OK  parallel  to  the  inclined  lines  d  e  and  e  f  :  the  points  J  and  K 
are  the  vanishing  points  for  the  inclined  lines  of  the  roof. 

From  the  visible  extremities  abc  of  the  ground  plan  of  the  house,  draw  the  lines  aM,  bM,  cM,  to 
the  station  point  M,  meeting  the  intersecting  line  IN  in  the  points  R,  S,  T. 

In  the  plane  of  the  picture,  draw  Rg,  Sd,  and  T/,  perpendicular  to  the  ground  line  IN.  Prolong 
the  line  ab  of  the  front  of  the  house  till  it  meets  IN,  and  the  point  P,  where  these  two  lines  meet, 
is  called  the  intersecting  point  of  the  line  a  b. 

Draw  PQ,  in  the  plane  of  the  picture,  perpendicular  to  the  intersecting  line  IN,  and  make  PQ 
equal  to  the  height  b  d  or  a  g  of  the  walls  of  the  house  ;  Q  is  called  the  intersecting  point  of  the  top 
g  d  of  the  wall  ;  and  generally  the  intersecting  point  of  any  line  is  the  point  in  which  that  line  pro- 
duced meets  the  plane  of  the  picture. 

Join  the  intersecting  point  P  and  the  vanishing  point  V  by  the  line  PV,  cutting  R#  in  a,  and  SJ 
in  6  ;  also  join  the  intersecting  point  Q  in  the  same  vanishing  point  V  by  the  line  QV,  meeting  Ej 
at  g,  and  Sd  at  d  :  then  abdg  will  represent  the  front  a  b  d  g  of  the  house. 

Again,  join  6L  meeting  T/  at  c,  and  join  dL  meeting  T/at/.  Draw  #J,  dg  ;  join  K/,  and  pro- 
duce the  line  to  meet  dJ  in  e.  Draw  eV  cutting  gj  in  h,  and  we  have  thus  a  complete  representation 
of  the  house. 


PROBLEM  I. 

To  put  a  square  in  Perspective. 
[Plate 


Let  ABCD,  Fig.  1,  Plate  CXLV.,  be  the  plan  of  the  square,  placed  in  any  desired  position,  to 
be  seen  from  the  station  point  S.  Draw  the  horizontal  vanishing  line  IK,  and  parallel  to  it  the 
intersecting  line  LM,  and  the  student  may  for  the  present  draw  these  lines  nearly  at  the  same  in- 
clination to  the  other  lines  as  they  are  drawn  in  the  figure.  From  S  let  fall  ST  perpendicular  to  IK, 
and  T  is  the  point  of  sight.  From  the  angles  ABCD  of  the  square  draw  lines  to  meet  at  S,  and 
draw  OS  parallel  to  AD  or  BC,  and  SN  parallel  to  AB  or  DC  ;  the  points  O  and  N  are  the  vanish- 
ing points  for  the  sides  of  the  square  to  which  they  are  respectively  parallel. 

Continue  AD  to  P  the  intersecting  point  of  the  side  AD,  and  join  PO,  cutting  DS  and  AS  in  H 
and  E.  Draw  HN  and  EN,  cutting  BS  and  CS  in  F  and  G,  and  draw  GO.  The  figure  EFGII  is 
the  perspective  view  of  the  square  as  required. 


*  The  vanishing  line  for  horizontal  lines,  always  represents  a  level  plane  at  the  height  of  the  observer's  eye,  so  that  if 
he  stand  on  the  sea-shore,  the  visible  horizon  of  the  sea  is  the  vanishing  line  of  all  horizontal,  or  level  objects;  the  cliffs 
and  buildings  rise  above  the  horizon,  and  their  lines,  where  straight  and  inclined,  converge  to  some  point  in  the  line  of 
the  horizon,  while  the  beach  and  sands  are  as  evidently  below  the  horizon,  and  their  lines  converge  upwards  in  the  same 
manner.  In  the  example,  Plate  CXLIV..  the  Object  is  entirely  below  the  level  of  the  eye,  but  it  is  easy  to  see 
that  it  might  be  above  the  eye,  or  partly  below,  and  partly  above,  as  is  mostly  the  case  in  the  view  of  a  building. 
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On  inspecting  the  figure  it  is  evident  that  the  more  distant  the  plan  of  the  square  is  from  the  in- 
tersecting line,  the  more  the  perspective  figure  will  be  foreshortened  ;  because  the  point  P,  which 
regulates  the  distance  of  H,  the  nearest  point  of  the  figure,  is  moved  in  the  direction  of  M  in  pro- 
portion as  the  point  D  becomes  farther  from  LM. 

It  is  also  evident  that  the  view  of  the  square  might  have  been  obtained  without  the  line  BS  ; 
because,  having  found  the  points  F  and  G,  a  line  joining  them  must  complete  the  figure :  such  a 
line  is  however  sometimes  useful  as  a  check  to  the  rest  of  the  work. 

PROBLEM  II. 
To  put  a,  triangle  in  Perspective. 

Let  ABC,  Fig.  2,  Plate  CXLV.,  be  the  plan  of  the  triangle,  S  the  station  point.  Draw  SN  and 
SO  respectively  parallel  to  BC  and  BA,  and  draw  SP  parallel  to  AC,  which  line  SP  must  be  con- 
tinued till  it  meet  the  intersecting  line  IK  produced :  continue  AB  to  R,  and  join  RO.  Join  FN, 
and  draw  DE  to  the  point  where  SP  cuts  IK  produced.  DEF  is  the  view  of  the  triangle. 

The  distant  vanishing  point  may  in  this  case  also  be  dispensed  with,  but  it  is  used  because  a  point 
so  situated  is  sometimes  necessary. 

PROBLEM  III. 
To  put  a  pentagon  in  Perspective. 

Let  ABODE,  Fig.  3,  Plate  CXLV.,  represent  the  plan  of  the  pentagon.  Having,  as  in  the  preced- 
ing problems,  drawn  lines  from  all  the  angles  to  the  station  point  S,  and  lines  from  S  parallel  to  all 
the  sides,  there  will  be  found  the  vanishing,  points  OQTV,  and  a  very  distant  one  in  the  direction 
of  P.  Continue  AB  to  R;  join  RO,  and  draw  lines  to  the  several  vanishing  points.  FGHIK  is 
the  view  of  the  pentagon. 

We  shall  not  multiply  examples  of  straight-lined  figures,  because  it  is  quite  evident  that  the  same 
method  is  applicable  to  all  forms  of  which  we  can  draw  a  plan. 

PROBLEM  IV. 

To  put  a  circle  in  Perspective  by  means  of  eight  points  of  intersection. 
[Plate  CXLV  I.-} 

In  the  foregoing  problems  the  figures  have  been  supposed  to  stand  inclined  to  the  picture.  We 
will  now  suppose  a  square  circumscribing  a  circle  to  be  parallel  to  the  picture,  in  which  case  the 
vanishing  point  of  two  of  the  sides  will  be  the  point  of  sight,  while  the  other  two  have  no  vanishing 
point  at  all.  The  plan  of  the  square  is  also  drawn  on  one  side,  instead  of  under  the  view,  and  the 
station  point  is  omitted. 

Let  ABCD,  Fig.  1,  Plate  CXLVI.,  be  a  square.  Draw  the  diagonals,  AC,  BD,  and  from  their 
intersection  as  a  centre,  describe  a  circle  to  touch  the  sides  of  the  square.  Through  the  points  IKT  V, 
where  the  diagonals  cut  the  circumference,  draw  the  lines  GE,  HF,  LM,  and  NO,  respectively  par- 
allel to  the  sides  of  the  square. 

We  have  thus  ascertained  eight  points  through  which  the  circle  passes,  namely,  PQR  and  a,  where 
it  touches  the  square,  and  IKTV  where  it  cuts  the  diagonals,  and  these  points  are  transferred  to 
the  sides  of  the  square. 
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Upon  WX  (Fig.  2)  the  intersecting  line,  set  off  DC  equal  to  DC  Fig.  1,  and  DE  and  FC  also 
equal  to  the  same  spaces  in  Fig.  1.  Find  the  centre  a,  and  draw  lines  from  all  these  points  to  the 
point  of  sight  P  in  the  vanishing  line  YZ.  Make  CN  equal  to  the  distance  the  nearest  side  of  the 
square  is  supposed  to  be  from  WX. 

From  P  set  off  PY  equal  to  the  distance  of  the  station  point  from  P,  and  Y  will  be  the  vanishing 
point  of  a  diagonal  of  the  square.  Join  NY,  and  draw  ec  and  Id  parallel  to  WX.  Draw  the  other 
diagonal  be,  and  the  centre  line  PR  parallel  to  bd.  We  have  thus  the  view  of  the  square:  the  cen- 
tre line  PR  is  the  view  of  PR  Fig.  1,  g  is  the  perspective  centre  of  the  circle,  and  IKTV  the  points 
IKTV  Fig.  1.  The  curve  must  now  be  traced  through  the  eight  points  as  fairly  as  possible,  always 
keeping  in  mind  that  the  perspective  figure  of  a  circle  is  a  perfect  ellipse.  These  eight  points  through 
which  the  curve  passes  are  in  most  cases  sufficient,  but  where  the  work  is  to  a  large  scale,  it  is  some- 
times desirable  to  find  sixteen  or  more  points,  the  manner  of  doiug  which  will  be  explained  in  the 
next  problem. 

PROBLEM  V. 
To  put  a  circle  in  Perspective  by  means  of  sixteen  or  more  points  of  intersection. 

Let  ABCD,  Fig.  3,  Plate  CXLVI.,  represent  the  perspective  figure  of  a  square  drawn  by  the 
methods  already  pointed  out.  Draw  the  diagonals,  and  through  the  point  of  their  intersection,  which 
represents  the  centre  of  the  original  circle,  draw  a  line/*;  parallel  to  the  vanishing  line. 

On  a  separate  part  of  the  paper,  with  a  radius  equal  to  ef,  or  eg  (which  are  equal)  describe  a 
quadrant  EFGIII  Fig.  4:  divide  the  arc  into  any  number  of  equal  parts,  and  through  the  points  of 
division  draw  lines  HL,  GM,  FN,  parallel  to  one  of  the  radii  IK,  to  cut  the  other  radius  EK. 

Transfer  all  the  parts  of  the  radius  EK  thus  divided  upon  the  line  fg,  Fig.  3,  namely,  KL  from 
e  to  L,  KM  from  e  to  M,  and  KN  from  e  to  N,  both  ways.  Through  the  points  of  the  division  of 
the  lino  fg  draw  lines  to  the  vanishing  point  of  AB,  or  CD,  and  through  the  points  where  these  van- 
ishing lines  cut  the  diagonals,  draw  lines  to  the  other  vanishing  point,  and  from  each  vanishing  point 
draw  a  line  through  the  centre  e.  Then  trace  the  curve  through  all  the  points  of  intersection,  as  shown 
in  the  figure.  In  this  figure  we  have  divided  the  quadrant  into  four  parts,  by  which  we  obtain 
sixteen  points  through  which  the  curve  passes  ;  and  this  is  as  many  as  are  generally  requisite  for  the 
most  careful  drawing. 

PROBLEM  VI. 
To  draw  the  Perspective  view  of  a  House  by  means  of  plans  and  elevations. 

Let  BIDLK,  Plate  CXLVIL,  be  the  plan  of  a  house,  or  so  much  of  it  as  can  be  seen  from  the 
assumed  point.  Let  0  be  the  station  point,  so  situated  that  the  building  may  be  seen  to  advantage,* 
and  under  a  moderate  angle. 

*  The  choice  of  a  point  of  view  is  one  of  the  most  difficult  problems  in  perspective,  and  though  it  cannot  be  reduced 
to  any  positive  rules,  the  observations  which  follow  will,  we  conceive,  be  generally  useful  to  the  student.  In  the  first 
place,  we  should  never  put  the  station  too  near  the  object,  because  a  distortion  is  the  inevitable  consequence  of  so  doing, 
and  though  a  station  too  distant  may  sometimes  produce  a  tameness  of  effect,  it  is  upon  the  whole  by  far  the  least  fault 
of  the 'two;  for  in  a  geometrical  elevation,  where  the  point,  if  we  must  suppose  a  point  of  view  at  all,  is  at  an  infinite 
distance,  the  effect,  however  unnatural,  never  becomes  offensive ;  but  in  a  view  taken  too  near  the  object,  there  is  absolute 
deformity.  It  may  perhaps  be  expected  that  we  should  dictate  the  precise  angle  under  which  a  picture  is  to  be  seen ;  in 
other  words,  how  far  the  observer  should  be  from  the  picture  to  see  it  with  advantage.  On  this  head  common  sense 
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Draw  the  centre  line  OZ  continued  indefinitely  to  cut  or  meet  the  plan,  and  this  line  must  always 
be  drawn  so  as  to  pass  at  or  near  the  centre  of  the  picture,*  and  if  we  suppose  that  the  house  is  the 
principal  or  only  object  to  be  represented,  and  is  therefore  destined  to  occupy  the  greater  part  of  the 
picture,  the  line  OZ  must  pass  near  the  centre  of  the  plan. 

Draw  the  intersecting  line  VL,  crossing  OZ  at  right  angles  somewhere  between  the  plan  and  the 
station  point.t  From  O,  draw  OL  and  0V,  respectively  parallel  to  the  two  sides  of  the  building,  to 
the  vanishing  points  L  and  V. 

Draw  lines  Bb,  li,  Dd,  Kk,  LI.,  &c.,  from  the  principal  angles  of  the  plan,  all  tending  to  the  station 
point  0  as  a  centre  ;  and  cutting  the  intersecting  line  in  b,  i,  d,  k,  1. 

At  any  convenient  part  of  the  paper,  which  is  here  supposed  to  be  underneath  the  plan,  draw  the 
vanishing  or  horizon  line  RQ  parallel  to  VL,  and  at  a  convenient  distance  below  it,  which  must  be 
greater  or  less  as  we  suppose  the  eye  to  be  more  or  less  elevated,  draw  the  intersecting  line  WX  par- 
allel to  RQ.J  Draw  the  lines  bb,  ii,  dd,  kk,  11,  parallel  to  the  centre  line,  as  far  as  WX,  so  shall 
these  lines  represent  the  angles  of  the  building  in  the  perspective  view. 

Continue  the  lines  ID,  mn,  to  cut  the  line  VL  in  h,  and  e,  and  from  these  points  draw  lines  hh, 
and  ee,  parallel  to  the  centre  line,  to  cut  WX:  the  line  mn  represents  the  greatest  projection  of  the 
cornice,  and  ID  the  wall  of  the  building. 

Upon  e  e  set  off  e  j  the  centre  height  of  the  building,  taken  from  the  elevation,  and  from  j  set  off  j  g 
the  depth  of  the  cornice  and  blocking-course,  and  describe  the  profile  of  the  cornice,  which  will  have 

suggests  the  best  observations.  If  a  person  enter  a  room  where  pictures  are  hung  up,  he  places  himself  before  each 
in  some  degree  according  to  the  size  of  the  work.  Thus  a  picture  three  feet  long  would  be  viewed  by  him  at  a  distance 
of  three  or  four  feet,  and  larger  works  at  a  greater  distance :  but  it  must  be  remarked  that,  as  large  pictures  have  gen- 
erally more  complicated  subjects  than  small  ones,  they  are  commonly  viewed  nearer  in  proportion  to  their  length.  This 
may  give  some  idea  of  a  rule  to  be  observed  in  choosing  a  point,  but  the  student  must  take  care  that  his  work  never  look 
deformed  from  any  station  whatever.  With  this  important  object  in  view,  he  will  find  that  some  pictures,  such  as  land- 
scapes, will  permit  of  a  much  larger  angle  than  buildings,  or  subjects  in  which  the  lines  are  straight  and  regular,  and 
among  the  latter  there  will  be  a  great  difference  according  to  circumstances  which  cannot  here  be  touched  upon. 

*  When  any  one  looks  at  a  picture,  he  naturally  places  himself  opposite  to  the  centre  of  it,  or  nearly  so,  because  he 
can  then  see  both  sides  of  it  equally  well.  The  point  of  sight  should  therefore  not  be  far  from  the  centre,  for  if  it  is, 
the  objects  on  one  side  will  present  a  distorted  appearance  when  viewed  from  the  natural  position ;  but  it  need  not  be 
absolutely  in  the  centre ;  indeed  in  views  of  regular  architectural  subjects,  it  is  best  to  place  the  point  of  sight  a  little  way 
from  the  centre,  or  else  one  side  of  the  picture  may  become  a  perfect  copy  of  the  other,  which  always  produces  a  stiff, 
disagreeable  effect.  In  most  compositions  there  are  objects  near  the  sides  of  the  picture,  and  when  these  are  the  subject 
of  distinct  perspective  operations,  the  centre  of  the  picture  will  be  of  course  far  from  them,  either  to  the  right  or  left,  as 
the  case  may  be. 

t  It  is  indifferent  to  the  result  where  we  place  the  line  of  picture,  but  it  is  often  convenient  to  draw  it  so  as  to  touch 
some  projecting  angle  of  the  leading  object,  for  thus  we  obtain  at  once  a  line  of  heights;  but  the  student  is  often  guided 
by  the  size  of  his  intended  view,  for  he  may  make  it  of  any  dimensions  with  the  same  sized  plan,  by  drawing  his  inter- 
secting line,  either  near  the  station  for  a  small  view,  or  far  from  it  for  a  large  one,  and  indeed  it  may  be  drawn,  if  the 
scale  require  such  an  arrangement,  entirely  beyond  the  plan,  that  is,  he  may  leave  the  plan  between  the  intersecting  line 
and  station. 

J  The  height  of  the  eye  is  subject  to  much  variation.  On  level  ground  it  cannot  exceed  between  five  and  six  feet, 
the  real  height  of  a  man's  eye,  but  in  most  cases  an  increased  height  may  be  given  in  a  picture  without  impropriety. 

Bird's  eye  views  suppose  the  eye  at  an  immense  height  above  the  objects,  so  that  the  horizontal  line  is  near  the  top  of 
the  picture.  Some  persons  put  the  horizon  in  such  views  really  a  long  way  above  the  top,  and  yet  show  a  visible  hor- 
izon of  landscape  above  the  buildings  in  the  picture ;  but  this  always  produces  a  miserable  effect. 

Except  in  bird's  eye  views,  the  height  of  the  horizon  in  the  picture  does  not  altogether  show  the  real  height  of  the 
observer's  eye  ;  because  with  the  same  height  of  horizon,  the  eye  may  be  very  differently  situated,  and  by  cutting  off  the 
lower  part  of  the  picture  we  only  hide  the  nearer  objects,  while  we  lower  the  horizon. 
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an  increased  projection,  but  no  increase  of  depth.  From  the  profile  thus  found,  draw  lines  to  the 
vanishing  point  R,  which  will  be  the  lines  of  the  cornice  and  top  of  the  central  building.  In  like 
manner  may  the  cornice  of  the  side  buildings  be  drawn,  but  the  operation  is  not  shown  to  prevent 
confusion.  The  position  of  the  ground  line  of  the  building,  windows,  and  other  parts  may  readily  be 
laid  down  by  the  means  already  pointed  out,  and  the  vanishing  points  for  the  bow  window  are  found 
by  drawing  lines  parallel  to  the  several  faces  from  the  station  point,  as  before  directed. 

The  student  is  now  acquainted  with  the  most  generally  useful  method  of  putting  a  design  in  per- 
spective, because  by  this  process  he  can  form  a  better  idea  of  his  picture,  or  how  the  parts  will  arrange 
themselves  in  the  view  before  he  begins,  than  by  any  mode  of  proceeding  which  does  not  keep  the  geo- 
metrical plan  constantly  before  his  eyes.  It  is  easy  to  conceive  that  the  view  may  be  made  on 
another  paper,  by  transferring  the  distances,  instead  of  continuing  the  lines  bb,  ii,  &c.,  downwards. 


PROBLEM  VII. 

To  draw  the  Perspective  view  of  an  ornamental  Obelisk. 
[Plates  CXLVIII.—CL.] 

Plate  CXLVIII.  exhibits  the  plan  of  the  obelisk.  Here,  as  the  several  surfaces  laid  down  have 
different  heights,  we  have  produced  the  lines  representing  them  in  the  plan  to  the  intersecting  line, 
so  as  to  meet  it  at  POMNL,  &c.,  the  intersecting  points  of  these  lines. 

In  order  that  the  plan  might  be  sufficiently  large  to  exhibit  with  accuracy  the  various  details 
necessary  in  a  complicated  subject,  and  at  the  same  time  preserve  the  distance  required  to  prevent  a 
distorted  picture,  the  station  point  is  beyond  the  extent  of  the  paper,  and  is  supposed  to  be  inacces- 
sible by  ordinary  means.  In  these  cases  the  lines  may  nevertheless  be  drawn  by  several  methods, 
with  the  same  accuracy  as  if  a  ruler  were  actually  applied  to  the  station  point,  as  we  shall  hereafter 
explain  ;  but  the  student  must,  for  the  present,  take  it  for  granted  that  the  lines  may  be  so  drawn. 

The  two  extreme  lines  must  however  be  found  before  any  of  the  others  can  be  drawn ;  and  to  find 
these,  having  fixed  upon  the  distance  from  which  it  is  desired  to  view  the  building,  draw  the  centre 
line  dD  in  the  required  position  with  respect  to  the  plan,  (see  notes  p.  406,)  and  cross  it  at  right 
angles  with  the  intersecting  line  YS.  Upon  another  paper  draw  the  outline  of  the  building,  (for 
which  purpose  the  outer  square  is  enough,)  to  a  smaller  scale,*  so  as  to  permit  the  station  point  to 
come  in,  and  draw  two  lines  from  the  angles  X  and  Y  to  the  station.  Then  draw  the  lines  Xa  and 
Y6  parallel  to  the  lines  so  found  in  the  smaller  plan. 

The  vanishing  points  must  now  be  found,  for  these  must  be  at  least  as  inaccessible  as  the  station 
point.  Now,  as  the  distance  of  these  points  exceeds  the  limits  of  our  paper,  we  must  again  have 
recourse  to  a  smaller  scale,  but  in  this  case  on  the  paper  itself ;  therefore,  setting  off  some  aliquot 
part,  as  one-seventh  of  the  distance  of  the  station  from  the  intersecting  point,  from  D  in  the  centre 
line,  to  /,  draw  /V  and  fg  parallel  to  AX  and  AY :  so  shall  V  and  g  be  each  equal  to  one-seventh  of 
the  distance  of  the  respective  vanishing  points  from  the  centre  line.  We  may  now  proceed  to  put 
the  obelisk  in  perspective. 

*  In  making  views  of  extensive  architectural  designs,  where  many  detached  parts  occupy  a  large  space  of  ground,  it  is 
advisable  to  draw  the  whole  plan  to  a  small  scale  in  the  first  instance,  in  order  to  compose  the  view  judiciously;  for  if 
this  be  not  attended  to,  many  bad,  and  even  ludicrous  effects  sometimes  ensue — a  near  object  may  hide  an  important 
part  of  the  design,  or  a  triumphal  arch  at  some  distance  may  seem  dexterously  balanced  on  the  top  of  a  column  in  the 
foreground;  a  species  of  defect  which  the  greatest  skill  in  aerial  perspective  cannot  entirely  conceal. 
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The  letters  P,  0,  N,  M,  &c.,  Plate  CXLIX.,  denote  the  positions  of  the  intersecting  points  in  Plate 
CXLVIII.,  and  are  there  denoted  by  the  same  letters.  Perpendiculars  are  drawn  from  these  points 
to  p,  o,  n,  m,  &c.,  where  the  heights  are  given  by  the  half  elevation  to  the  left.  Thus  a  section  is 
found  which,  while  it  agrees  with  the  geometrical  section  (or  elevation)  in  the  heights,  differs  from 
it  in  the  projections,  which  are  obviously  increased  in  proportion  to  the  obliquity  of  the  object  in  the 
plan.  QR  and  QS  are  lines  drawn  to  the  vanishing  points.  These  should  be  drawn  by  the  same 
method  of  a  reduced  scale,  and  as  high  as  possible  in  the  paper,  in  order  to  afford  accurate  means  of 
drawing  the  vanishing  lines  of  the  building. 

By  drawing  lines  from  all  the  angles  of  the  section  so  found  to  the  right  hand  vanishing  point,  we 
obtain  all  the  perspective  lines  on  the  right  hand;  and  by  finding  the  angular  points  of  these  lines, 
namely,  by  drawing  lines  from  kkk,  &c.  in  Plate  CXLVIII.  to  the  station  point,  and  transferring 
these  points  to  the  corresponding  angles  in  Plate  CXLIX.,  we  obtain  the  other  perspective  lines  by 
drawing  the  various  lines  to  the  left  hand  vanishing  point.  The  extreme  angles  are  found  by  draw- 
ing lines  to  the  station  point ;  in  the  manner  already  shown. 
Plate  CL.  shows  the  outline  of  the  obelisk  completed. 

The  best  method  of  drawing  lines  to  an  inaccessible  point  is  certainly  by  an  instrument  called  the 
centrolinead,  which  we  shall  hereafter  describe  ;  but  as  such  an  instrument  is  not  always  at  hand,  it 
may  be  useful  to  show  some  modes  of  drawing  the  lines  without  such  aid. 

Having  found  the  lines  QR  and  QS,  Plate  CXLIX.,  draw  the  perpendiculars  QT,  RY,  and  SX  to 
meet  the  horizon  or  vanishing  line  ZX.  Now  if  we  divide  QT  into  any  number  of  parts,  and  SX 
into  the  same  number,  and  draw  lines  connecting  the  points  of  division,  such  lines  will  all  tend'to  the 
vanishing  point:  therefore,  using  a  proportional  scale  of  any  kind,  by  first  finding  the  ratio  of  SX  to 
QT,  we  can  obtain  a  line  at  any  point  between  Q  and  T,  or  below  T,  which  shall  tend  to  the  same 
point  as  QS ;  and  the  same  with  regard  to  the  other  vanishing  point.  The  lines  st,  st,  &c.  are  found 
by  dividing  QT,  SX,  and  RY  each  into  seven  parts. 

It  is  sometimes  advisable  to  draw  a  number  of  lines  about  half-an-inch  apart,  or  nearer,  all  tending 
to  the  vanishing  points,  and  then  draw  the  lines  of  the  buildings  by  the  eye,  using  the  lines  first 
found  as  a  guide ;  but  this  requires  an  experienced  hand. 

From  what  has  been  said  respecting  the  vanishing  points,  it  is  sufficiently  clear  that,  when  both 
these  points  are  equidistant,  the  centre  line  must  pass  through  one  diagonal  of  the  square,  and 
that,  as  the  square  is  turned  round,  one  side  of  it  approaching  nearer  and  nearer  to  a  parallel 
position  with  the  picture,  the  distance  of  one  vanishing  point  will  increase,  and  that  of  the  other 
diminish,  until  the  side  of  the  square  become  actually  parallel  to  the  picture,  in  which  case  there 
will  be  no  vanishing  point  for  that  side,  while  the  point  of  sight  will  be  the  vanishing  point  of  the 
other  side. 

It  is  therefore  advisable  in  cases  of  parallelism  to  find  the  vanishing  point  of  a  diagonal  of  the 
square,  which  may  be  done  by  drawing  a  line,  parallel  to  such  diagonal,  to  the  station  point,  as 
before  directed  in  Problem  iv. 

The  perspective  appearance  of  a  circle  is  either  a  circle  or  an  ellipse,  whenever  the  whole  of  the 
circle  is  seen,  but  when  the  spectator  stands  on  the  circumference  of  a  circle,  the  part  he  draws 
must  be  a  parabola,  and  if  he  stand  inside  any  part  of  the  circle,  and  draw  a  portion  of  the  curve, 
the  figure  will  be  an  hyperbola.  By  way  of  illustration,  let  the  student  stand  in  any  circular  build- 
ing, such  as  the  Pantheon  at  Rome,  the  Radcliffe  Library  at  Oxford,  or  as  a  more  homely  instance, 
the  ring  at  Astley's  amphitheatre,  and  then  draw  the  curve  by  mechanical  means. 

The  perspective  appearance  of  a  globe,  when  the  whole  of  it  is  seen,  is  always  either  a  circle  or  an 
ellipse  :  it  is  a  circle,  only  when  a  line  drawn  to  the  point  of  sight  passes  through  its  centre. 
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In  order  to  make  a  view  of  a  globe,  draw  lines  from  the  station  S,  Plate  CXLVI.  Fig.  5,  to  touch 
the  globe,  and  join  the  points  of  contact  by  the  line  ab  ;  cd  is  the  breadth  of  the  perspective  figure  iu 
the  picture,  the  height  must  be  laid  down  from  a  scale,  and  the  circle  which  represents  the  globe 
(of  which  circle  ab  is  the  diameter),  must  be  circumscribed  by  a  square,  and  put  in  perspective  by 
the  methods  already  shown.  By  considering  the  two  figures  of  the  globe  A  and  B  here  shown  in  the 
plate,  it  may  appear  strange  that  that  of  the  globe  A  should  be  actually  broader  than  B  ;  for  the 
line  cd  of  the  globe  A  is  longer  than  the  same  line  of  the  other  globe,  but  it  must  be  remembered 
that  the  picture  ef  is  seen  at  a  considerable  angle,  so  that  the  space  cd  of  A  is  not  larger  to  an  eye 
at  S  than  cd  of  B.  We  mention  this,  because  many  absurd  objections  have  been  raised  against  per- 
spective on  account  of  this  seemingly  unnatural  fact,  and  parallel  perspective,  where  such  anomalies 
are  most  manifest,  has  been  called  a  distinct  species,  and  contrary  to  nature.  If  the  mere  circum- 
stance of  drawing  on  a  plane  be  defective,  and  perhaps  it  may  justly  be  reckoned  so,  the  fault  should 
at  least  not  be  attributed  to  the  rules  of  perspective  ;  and  we  may  observe  that,  in  general,  the  choice 
of  a  point  sufficiently  distant  will  remove  all  such  objections. 

The  student  who  carefully  studies  the  preceding  problems  may,  with  practice,  make  himself  mastei 
of  the  fundamental  principles  of  perspective.  Several  expedients  may  be  devised  which  occasionally 
shorten  the  processes,  but  these  could  not  have  been  noticed  in  a  work  where  few  examples  are  given, 
without  tending  to  create  the  confusion  they  are  often  intended  to  obviate ;  and  we  think  it  better  to 
instruct  the  student  how  to  work  by  means  which  keep  the  first  principles  always  in  view.  We  shall 
however  mention  one  method  of  dividing  lines  perspectively  on  account  of  its  great  utility. 

When  we  have  a  line  to  be  divided  into  equal  spaces,  as  the  row  of  houses,  Fig.  4,  Plate  CXLV., 
having  found  the  two  ends  of  the  line,  and  draw  AB  to  the  vanishing  point,  prolong  CA  to  E,  any 
point  some  height  above  the  horizon  ;  draw  EF  parallel  to  the  horizontal  line  IK,  and  draw  EG  to 
the  vanishing  point.  From  any  point  H  iu  the  vanishing  line,  draw  HF  through  DB  produced  to 
L,  and  divide  EF  into  the  proposed  number  of  parts.  From  each  point  of  division,  draw  a  line  to 
II,  cutting  EG.  Perpendiculars  let  fall  from  such  points  will  divide  AB  as  required. 

It  is  advisable  to  place  the  line  EF  some  height  above  AB,  and  that  the  point  II  be  somewhere 
near  the  middle  of  the  subject,  because  the  intersection  of  the  lines  is  then  not  too  oblique  to  be 
observed  with  accuracy.  The  line  EF  may  be  also  divided  unequally,  in  any  proportion  that  may 
be  required. 


OF  DEAWING  INSTRUMENTS. 

THE  CAMERA  LUCIDA. 

This  most  useful  instrument  consists  of  a  glass  prism,  cut  in  the  manner  shown  in  Fig.  5,  Plate 
CXLV.,  so  that  a  ray  of  light  H  proceeding  from  a  distant  object  is  reflected,  first  from  the  face  AD, 
and  then  again  from  the  face  DC,  so  that  the  observer  looking  directly  downwards  from  I  through  a 
hole  in  the  thin  plate  of  metal  EF,  sees  an  erect  picture  of  the  object  reflected  from  the  prism ;  while, 
through  the  part  of  the  aperture  G  which  is  not  over  the  prism,  he  is  enabled  to  see  a  paper  at  a 
convenient  distance  underneath,  and  the  point  of  a  pencil  by  which  the  outline  is  traced.  The 
instrument  is  too  well  known  to  need  further  description,  but  there  are  some  precautions  necessary 
in  using  it,  which  are  not  so  generally  understood. 

The  table  on  which  it  is  placed  must  be  perfectly  level,  and  to  be  so,  it  must  have  adjusting  screws 
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The  paper  must  be  strained  quite  straight  upon  the  table,  and  the  prism  must  stand  level,  that  is, 
parallel  to  the  table. 

The  quality  of  the  prism  itself  is  also  very  important ;  for  if  it  be  not  properly  wrought  it  will  pro- 
duce very  defective  images.  The  best  way  to  try  a  prism,  is  to  hangup  two  threads,  with  plummets, 
at  the  farther  end  of  a  room,  and  some  distance  from  each  other.  Then  having  levelled  the  table 
and  prism,  draw  the  figure  of  the  two  threads  on  the  board  as  they  appear  through  the  prism,  and 
see  whether  the  lines  are  parallel.  If  they  are,  and  the  objects  are  seen  clearly,  you  may  presume 
there  is  no  defect  in  the  prism  ;  but  we  have  seen  one  furnished  by  a  well-known  London  optician, 
which  made  lines  so  disposed  converge  at  an  angle  of  30  degrees ! 

The  Camera  Lucida  is  particularly  useful  to  the  architectural  student ;  for  though  it  cannot  super- 
sede an  accurate  measurement  of  buildings,  yet  there  are  many  cases  in  which  a  sketch  which  insures 
the  exact  proportions  is  most  valuable. 


THE  CENTROLINEAD. 
[Plate  CLI.~\ 

This  is  an  instrument,  invented  by  P.  Nicholson,  for  drawing  lines  which  tend  to  a  distant  point 
not  accessible,  and  is  therefore  of  great  use  in  perspective. 

We  shall  here  exhibit  the  instrument  and  its  parts,  Plate  CLI. 

Fig.  2  shows  the  centrolinead  complete. 

Fig.  3,  a  part  of  the  same  to  a  larger  scale. 

Fig.  4,  the  part  represented  in  Fig.  3,  shown  edgeways. 

Fig.  5,  brass  plate,  by  which  two  running  legs  and  the  blade  are  connected. 

Fig.  6,  joint  or  hinge  connecting  the  legs,  No.  1  showing  the  edge,  and  No.  2  the  top  of  this  joint. 

Fig.  7,  No.  1,  the  two  parts  of  the  joint  before  united  by  the  centre  pin. 

Fig.  8,  edge  of  the  parts  shown  in  Fig.  7. 

Fig.  9  shows  how  a  square  may  be  converted  into  a  centrolinead,  in  order  to  draw  any  number  of 
lines  which  will  converge  to  the  same  point  with  two  given  lines :  thus,  let  AE  and  BD  be  the  two 
given  lines.  Draw  BA  perpendicular  to  BD,  and  BF  parallel  to  AE.  Suppose  the  edge  DB  of  the 
blade  of  the  square  to  meet  the  back  of  the  stock  at  B;  fasten  a  wedge  with  its  vertex  in  B  upon 
the  back  BA,  so  that  the  vertical  angle  of  the  wedge  may  be  equal  to  the  angle  DBF  j  let  a  pin 
be  fixed  in  the  point  A,  and  another  in  the  point  B,  and  the  instrument  be  moved  so  that  the  back 
AB  of  the  square  may  be  upon  the  pin  A,  and  the  side  BC  of  the  wedge  upon  the  pin  B ;  then,  if 
the  instrument  be  stopped  at  any  place,  a  line  drawn  by  the  edge  BD  will  tend  to  the  same  point  to 
which  the  lines  AE  and  BD  converge. 

In  Fig.  1,  AH  and  CI  are  the  two  given  lines,  BE  and  BF  represent  the  edges  of  the  legs  of  the 
instrument,  and  BK  the  drawing  edge  of  the  blade  ;  then  all  the  lines  will  tend  to  the  point  D  in  the 
circumference  of  the  circle  ABCD. 


THE  CYCLOGRAPH,  A  DRAWING  INSTRUMENT. 
\Plate  CZ/7.] 

This  is  an  instrument  for  drawing  the  arcs  of  large  circles.     In  describing  the  arc,  it  moves 
between  two  pins,  as  in  the  centrolinead. 
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The  instrument  is  so  contrived,  that  the  brass  work  may  be  entirely  taken  off  and  applied  to  any 
two  rulers  which  may  be  found  convenient  for  the  description  of  smaller  or  larger  arcs. 

Plate  CLII.,  Fig.  1,  No.  1,  is  the  instrument  completely  fixed.  The  edge  of  the  semicircular  plate 
is  intended  to  be  graduated  into  360°  ;  by  this  means  the  number  of  degrees  in  the  arc  to  be  described 
will  be  ascertained.  No.  2  is  a  view  of  the  instrument  set  on  its  edge. 

Fig.  2,  the  brass  joint  which  connects  the  two  legs,  No.  1  being  a  view  of  the  face,  and  No.  2,  of 
the  edge. 

Fig.  3,  Nos.  1  and  2,  the  parts  separated. 

Fig.  4,  a  section  through  the  tube  with  the  drawing-pen. 

Fig\  5,  the  same  separated. 

Fig.  6,  brass  plate  for  fastening  the  instrument. 

Fig.  7,  running  legs  of  the  instrument. 

Fig.  8,  screws  for  fastening  the  brass  plato  Fig.  6  to  the  joint  Fig.  2,  and  to  the  legs  of  the  in- 
s'rumeut. 
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HISTORICAL  NOTICES  OF  THE  RISE  AND  PROGRESS  OF 

ARCHITECTURE  IN  GREAT  BRITAIN. 

• 

Roman  Architecture  in  Britain,  l.; Early  Christian  Churches,  2. Bishop  Wilifred's  Churches,  3 Alcuin  and 

Alfred,  4 Rise  and  progress  of  Saxon  architecture,  5. Introduction  of  Norman  architecture,  6 General 

Character  of  Norman  architecture,  7 Norman  edifices  and  architects,  8,  9 Lancet  style,  10 Progress  of 

architectural  taste,  11, 12 Adulterations  of  style,  13. General  review  of  the  three  orders  of  Gothic  architecture, 

14 Comparison  of  Gothic  with  Classic  architecture,  15 Revival  of  Roman  architecture  on  the  Continent,  16. 

In  England,  17 Inigo  Jones,  18 Sir  Christopher  Wren,  19 Gibbs  and  Vanburgh,  20 Sir  VV. 

Chambers,  21 Robert  Adam,  22 Concluding  Remarks,  23. 

1.  WHEN  Agricola  had  subdued  the  northern  parts  of  Britain,  he  endeavoured  to  instruct  and 
civilize  the  inhabitants.     By  means  of  the  artificers  attached  to  the  army,  many  Roman  edifices 
were  constructed  ;  and  the  numerous  remains  of  temples  and  baths  which  have  been  discovered,  ara 
evidences  of  both  public  and  private  structures  having  been  carried  to  a  very  considerable  degree  of 
perfection  during  the  Roman  sway, — a  period  of  400  years.     A  stone  dug  up  at  Chichester,  which 
records  a  temple  dedicated  to  Minerva  by  one  of  the  companies  of  workmen,  shows,  that  such  build- 
ings were  executed  long  previous  to  Agricola,  upon  Claudius  having  reduced  the  southern  parts  of 
the  kingdom,  and  probably  soon  after  the  temple  to  Claudius  at  Maiden,  to  Minerva  at  Bath,  and 
to  Jupiter  and  Diana  at  London,  were  erected.     Hume  relates,  that  during  the  dominion  of  the 
Romans,  twenty-eight  considerable  cities  had  been  built,  besides  a  great  number  of  villages  and 
country-seats. 

2.  The  Romans  had,  it  appears,  made  little  progress  in  the  instruction  or  civilization  of  the  in- 
habitants :  their  subjection  had  been  so  complete,  and  their  condition  rendered  so  servile,  as  totally 
to  annihilate  their  spirit,  and  debase  their  character  ;  so  that  when  they  withdrew  from  the  island, 
the  knowledge  and  practice  of  the  arts  was  extinguished,  and  the  inhabitants  relapsed  into  helpless 
barbarism.     Bingham  says,  that  about  the  year  448,  Bishop  Ninian  of  Glasgow  built  a  church  on  the 
confines  of  England,  at  Whi thorn  in  Galloway,  which  was  probably  the  labour  of  Roman  workmen. 
As  the  Romans  remained  in  Britain  88  years  after  the  death  of  Constantino,  it  is  to  be  expected 
that  some  Christian  churches  would  be  erected  during  this  time ;  accordingly  Bede  mentions  that 
two  were  built  in  the  city  of  Canterbury,  one  of  which,  on  the  east  side  of  the  city,  was  dedicated  to 
St.  Martin,  and  given  by  Ethelbert,  after  his  conversion,  to  St.  Augustine. 

3.  During  the  period  in  which  the  Saxons  subdued  or  extirpated  the  Ancient  Britons,  and  estab- 
lished themselves  in  England,  a  dreadful  scene  of  devastation  took  place ;  the  Roman  cities  and 
structures  were  wholly  destroyed,  and  scarcely  a  vestige  of  their  improvements  was  suffered  to  re- 
main.    But  in  the  course  of  one  hundred  years  from  the  departure  of  the  Romans,  when  Ring 
Ethelbert  was  converted  to  Christianity  by  Augustine,  a  sudden  zeal  for  erecting  ecclesiastical  build- 
ings was  manifested.     Ethelbert  founded  the  first  St.  Paul's  in   London,   and  St.  Andrew's  at 
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Rochester.  In  627,  Edwin  founded  St.  Peter's  at  York,  which  was  built  of  hewn  stone,  with  spa- 
cious porticoes.  The  Abbot  Biscopius  went  over  to  France  to  procure  workmen  to  build  after  the 
Roman  manner  ;  on  his  return,  he  built  St.  Peter's  church  in  the  monastery  at  Weremouth.  In 
about  a  century  after  the  conversion  of  Ethelbert,  Wilifred,  Bishop  of  York,  brought  over  eminent 
builders  and  artists  from  Rome,  Italy,  and  France  ;  he  glazed  the  windows  of  York  cathedral,  and 
built  the  conventual  church  of  Rippon  in  Yorkshire ;  which  latter,  Edius  says,  he  raised  with  hewn 
stone  to  a  great  height,  and  supported  by  various  kinds  of  pillars  and  porticoes.  But  his  most 
sumptuous  edifice  was  the  cathedral  church  of  Hexham  in  Northumberland.  Richard,  prior  of 
Hexham,  in  whose  time,  1180,  it  was  standing,  says  :  "  The  foundations  of  this  church  were  laid 
deep  in  the  earth,  for  the  crypts  and  oratories  and  passages  leading  to  them,  which  were  then  with 
ci|ual  exactness  contrived  and  built  under  ground.  The  walls — which  were  of  great  length,  and 
raised  to  an  immense  height,  and  divided  into  three  stories  or  tiers — he  supported  by  square  and 
various  kinds  of  well-polished  columns  ;  and  the  arch  of  the  sanctuary  he  decorated  with  historical 
representations,  imagery,  and  various  figures  in  relief  carved  in  stone,  and  painted  with  a  most 
agreeable  variety  of  colours.  The  body  of  the  church  he  encompassed  about  with  aisles  and  porti- 
coes, which  both  above  and  below  he  divided  with  great  and  inexpressible  art  by  partition-walls  and 
winding  stairs.  Within  the  staircase,  and  above  them,  he  caused  nights  of  steps  and  galleries  and 
passages  leading  from  them,  both  for  ascending  and  descending,  to  be  so  artfully  disposed,  that 
multitudes  of  people  might  be  there,  and  go  quite  round  the  church  without  being  seen  by  any  one 
below  in  the  nave.  Moreover,  in  the  several  divisions  of  the  porticoes  or  aisles,  both  above  and 
below,  he  erected  many  most  beautiful  and  private  oratories  of  exquisite  workmanship ;  and  in  them 
he  caused  to  be  placed  altars  in  honour  of  the  blessed  Virgin,  St.  Michael,  St.  John  the  Baptist, 
and  the  holy  apostles,  martyrs,  confessors,  and  virgins,  with  all  decent  and  proper  furniture  to  each 
of  them.  It  appeared,  that  of  all  the  nine  monasteries  over  which  that  venerable  bishop  presided, 
and  of  all  others  throughout  England,  this  church  of  St.  Andrew  in  Hexham  was  the  most  elegant 
and  sumptuous,  and  that  its  equal  was  not  to  be  met  with  on  this  side  the  Alps."  Wilifred  gave 
great  encouragement  to  skilful  builders  and  eminent  artists.  He  was  himself  well-skilled  in  archi- 
tecture ;  and  it  is  probable  that  the  church  and  monastery  of  Ely,  founded  by  St.  Etheldrida,  were 
built  under  his  directions. 

4.  In  716,  Croyland  Abbey,  in  Lincolnshire,  was  founded  by  Ethelbald.  In  767,  Archbishop 
Albert  rebuilt  St.  Peter's  of  York.  His  first  employment  was  in  the  capacity  of  master  of  the  cele- 
brated school  of  York,  where  he  taught  grammar,  rhetoric,  astronomy,  natural  philosophy,  and 
divinity.  He  afterwards  visited  Rome,  and  many  of  the  most  eminent  seats  of  learning  on  the 
Continent.  On  his  return  he  was  made  archbishop,  and  finding  his  church  in  a  ruinous  condition, 
he  took  it  wholly  down,  and  rebuilt  it  in  a  most  sumptuous  manner.  His  architects  were  Eanbald, 
and  the  famous  Alcuin,  two  of  his  own  church.  During  the  9th  century,  the  incursions  of  the 
Danes  were  destructive  to  the  arts  and  many  of  the  edifices  already  erected ;  and  it  was  not  until 
peace  and  good  order  were  restored  by  Alfred  that  any  regular  progress  could  be  made  in  the  arts 
of  civil  life.  That  inimitable  prince  extended  his  cares  into  every  department  which  could  promote 
the  welfare  of  a  well-regulated  state  ;  but  the  defenceless  situation  in  which  he  found  the  kingdom, 
led  him  to  direct  the  building  art  chiefly  to  military  purposes,  such  as  repairing  walled  towns,  erect- 
ing castles,  and  constructing  ships.  About  960,  Edgar  is  said  to  have  founded  forty  monasteries, 
chiefly  those  which  had  been  destroyed  by  the  Danes,  he  also  built  the  old  abbey  of  Westminster. 
In  974,  the  abbey  of  Ramsay  in  Huntingdonshire  was  completed.  It  was  in  the  form  of  a  cross, 
with  side-aisles,  and  two  towers,  one  of  which  was  at  the  west  front,  and  the  other  was  supported  by 
four  pillars  in  the  middle  of  the  building,  where  it  divided  into  four  parts,  being  connected  together 


OF  ARCHITECTURE  IN  GREAT  BRITAIN. 


117 


by  arches  extending  to  other  adjoining  arches,  to  keep  them  from  giving  way.  This  appears  a  new 
mode  among  the  Saxons,  as  none  of  those  which  are  more  ancient  are  described  as  having  anything 
of  the  form  of  the  cross,  or  having  towers  above  the  roof.  Early  in  the  llth  century  some  change 
took  place,  for  Edward  the  Confessor  is  said  to  have  built  Westminster  Abbey,  according  to  a  new 
mode  which  was  introduced  into  the  kingdom ;  and  about  this  time  it  appears,  that  some  excellent 
artificers  flourished  in  France. 

5.  The  Saxons  were  reckoned  one  of  the  most  fierce  and  warlike  of  the  German  tribes,  with  a 
very  imperfect  knowledge  even  of  agriculture.  When  they  conquered  England,  devastation  was 
carried  into  the  most  remote  corners ;  and  the  public  as  well  as  private  edifices  were  reduced  to 
ashes.  Their  knowledge  of  architecture,  we  may  therefore  readily  conceive,  was  acquired  after  they 
were  in  full  possession  of  England,  and  had  been  converted  to  Christianity.  The  only  regular  archi- 
tecture which  could  have  come  under  their  observation,  was  in  the  remains  of  Roman  works  which 
had  escaped  or  withstood  their  former  fury.  These  must  have  attracted  their  attention,  when  they 
became  disposed  to  construct  buildings  of  any  consequence.  But  as  their  workmen  were  without 
knowledge  or  experience,  it  was  necessary  to  have  recourse  to  France  or  Italy,  which  was  constantly 
done  by  those  Saxon  ecclesiastics  who  had  come  to  the  resolution  of  building  Christian  churches. 
The  Saxon  architecture  having  been  chiefly  copied  from  the  Roman  works  in  Britain,  the  stylo 
which  was  practised  during  their  age,  in  Italy,  had  a  strong  resemblance  to  it,  and  was  constantly 
denominated  the  Roman  manner.  During  the  first  age  of  the  Christian  era,  when  the  best  Roman 
style  had  been  much  departed  from,  the  architecture  of  both  the  Christians  and  Moors  was  charac- 
terized by  solidity  and  bulk,  and  particularly  for  having  great  numbers  of  round  short  pillars.  It 
has  been  observed,  that  there  is  a  near  relation  between  the  architecture  of  the  Moors,  and  that 
described  in  Scripture ;  and  that  in  Barbary  and  the  Levant  it  has  continued  the  same.  One  of  the 
principal  mosques  of  Cordova  is  distinguished  by  its  capaciousness,  and  a  great  number  of  low  mas- 
sive pillars.  The  Saxon  style  is  conformable  to  these  relations.  The  general  form  of  the  earliest 
Saxon  churches  was  that  of  the  basilica,  being  a  simple  oblong,  with  a  portico  and  ambulatory. 
The  chief  entrance  was  the  west  end ;  at  the  east  end  was  a  circular  recess,  resembling  the  Roman 
tribune,  but  now  appointed  to  receive  the  Christian  altar.  Additions  were  afterwards  made  which 
completed  the  form  of  the  cross;  and  towards  the  termination  of  the  Saxon  government,  towers 
were  erected  in  the  west  front,  and  over  the  centre  of  the  cross.  The  outer  walls  were  of  a  great 
thickness,  and  had  no  buttresses.  Within  the  great  churches  there  were  sometimes  three  stories, 
which  were  occupied  by  the  arcade,  gallery,  and  windows.  The  pillars  were  short,  massive,  and 
round.  The  arches,  in  arcades,  doors,  and  windows,  were  all  semicircular.  The  principal  doorcases 
were  decorated  with  pillars  and  sculptured  capitals.  Round  the  arches  were  mouldings  of  great 
variety,  with  bas  reliefs.  The  mouldings  consisted  of  the  indented  zigzag  like  Etruscan  scroll;  small 
squares  alternately  deeper  flourished,  with  small  beads,  usually  on  the  capitals  of  pillars ;  and  on 
some  of  their  latest  works,  was  a  carving  like  a  trellis  in  broad  lozenges.  The  base  mouldings  and 
capitals,  though  of  exact  dimensions,  and  similar  in  mass,  were  much  varied  in  the  minute  parts. 
Though  it  would  be  difficult  to  mention  many  entire  edifices  now  remaining  which  are  composed 
wholly  of  Saxon  architecture,  yet  it  may,  in  numerous  instances,  be  pointed  out  in  particular  parts. 
Of  different  edifices,  Elkstone  and  Quisington,  in  Gloucestershire,  and  the  whole  of  Tickenocte 
church  near  Stamford,  are  Saxon ;  also,  the  nave  of  Oxford  cathedral,  and  sundry  parts  of  St. 
Alban's  and  Durham.  Saxon  enrichments  of  doorcases  and  windows  will  be  found  in  Barfreston, 
near  Canterbury  ;  in  Durham  cathedral  and  palace ;  in  Tutbury  in  Staffordshire,  Romsey  Hants, 
and  Rochester.  The  doorway,  east  end  of  Kenilworth  church,  has  the  caput  bovis,  fret  mouldings, 
and  patera  in  the  spandrils, — ornaments  peculiarly  Roman. 

SG 
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6.  The  manners  of  the  Anglo-Saxons  were  rude  ;  they  were  ignorant  of  letters,  unskilled  in 
mechanic  arts,  and  addicted  to  intemperance,  riot,  and  disorder.  Their  conquest  by  the  Normans 
put  the  people  in  a  situation  to  receive  slowly  from  abroad  the  rudiments  of  science  and  cultivation. 
The  Normans  were  moderate  and  abstemious,  but  much  disposed  to  pomp  and  magnificence  in  their 
dress,  and  likewise  in  their  public  and  private  buildings.  They  introduced  civility,  learning,  and 
arts,  and  restored  religion  from  the  neglected  state  into  which  it  had  fallen.  Previous  to  the  inva- 
sion of  England,  the  Normans  had  constructed  magnificent  edifices  in  Normandy ;  and  the  frequent 
intercourse  with  that  place,  and  the  introduction  of  Normans  into  the  highest  situations  in  the 
English  church,  by  Edward,  led  to  imitation  of  the  Norman  style,  especially  in  the  Abbey  church 
of  Westminster,  and  in  that  of  St.  Peter  at  Gloucester,  both  of  which  were  erected  during  this 
reign. 

7.  The  Normans,  as  soon  as  they  had  completely  subdued  England,  and  established  themselves 
in  every  part  of  the  kingdom,  prosecuted  the  erection  of  ecclesiastical  edifices  with  great  zeal  and 
success.     Their  style  was  similar  to  that  of  the  Saxons ;  the  chief  difference  consisted  in  larger 
dimensions,  in  plain  but  more  lofty  vaulting,  circular  pillars  of  greater  diameter,  and  round  arches 
and  capitals,  with  carvings  much  more  elaborate  and  various ;  but  in  both  there  was  a  total  absence 
of  pediments  and  pinnacles,  tabernacles,  or  niches  with  canopies. 

8.  The  era  of  the  Norman  architecture  is  reckoned  from  the  Conquest,  in  1066,  to  the  death  of 
King  Stephen  in  1154  ;  and  the  exertions  of  Norman  architects  will  appear  evident,  when  it  is  con- 
sidered, that  during  this  short  period  every  quarter  of  the  kingdom  was  ornamented  by  their  works ; 
and  that  fifteen  English  cathedrals,  whose  origin  can  be  ascertained,  exhibit  undoubted  features  of 
Norman  construction.     The  cathedrals  of  Canterbury  and  Battle  Abbey  were  two  of  the  finest 
structures  of  the  conqueror's  reign ;  and  of  the  following,  the  bishops,  whose  names  are  annexed, 
were  the  architects. 

CATHEDRALS.  BISHOPS  AND  ARCHITECTS. 

1077  to  1107  Rochester,  Canterbury,  and  Peterborough,  Gundulph,  Bishop  of  Rochester. 

1086  — 1108  Old  St.  Paul's,  ....  Mauritius  of  London. 

1107  —  1140  Old  Sarum,  Roger  of  Salisbury. 

1115  — 1125  Rochester Ernulf  of  Salisbury  completed  Gundulfs  works. 

1123  — 1147  Lincoln  rebuilt Alexander  of  Lincoln. 

1129  —  1169  St.  Cross  and  Ramsay  in  Hants,          .  Henry  de  Blois  of  Winchester. 

1154  —  1181 Roger,  Bishop  of  York. 

9.  During  the  erection  of  these  works,  Norman  architecture  was  brought  to  perfection.     The 
magnitude  of  their  edifices  much  exceeded  that  of  their  predecessors,  and  exhibited  a  decided  supe- 
riority; also,  in  many  instances,  in  delicacy  and  elegance  of  design,  as  in  the  fine  specimens  in 
Winchester  cathedral,  especially  in  the  portal  of  the  ancient  sacristy,  between  the  east  cloister  door 
and  south  transept,  the  work  of  Bishop  Walkelin,  and  finished  in  1093.     There  are  also  in  the  upper 
part  of  the  south  transept  of  the  same  cathedral  some  round  intersecting  arches,  placed  by  way  of 
ornament  upon  the  outside:  these,  which  were  part  of  the  original  work,  were  finished  in  1093,  prior 
to  the  first  crusade,  and  are  perhaps  the  earliest  authentic  instances  of  the  pointed  arches  in  this 
kingdom.     But  in  the  church  of  St.  Cross,  near  Winchester,  in  the  easter  end,  constructed  by 
Henry  L,  1132,  are  richly  ornamented  Saxon  arches  intersecting  each  other;  which  intersections 
are  open  quite  through  the  wall,  constituting  highly  pointed  windows  to  the  number  of  twenty.     Of 
the  churches  in  this  style,  belonging  to  the  greater  abbeys,  the  following  are  fine  remains :  Malms- 
bury,  Wiltshire  ;  Dunstable,  Bedfordshire;  Castle- Acre,  Norfolk;  Wenlock,  Salop;  St.  Botolph's, 
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Colchester.     These  magnificent  works  are  a  proof  of  the  power,  influence,  and  talents  of  the  eccle- 
siastics of  that  period. 

10.  During  the  reign  of  Stephen,  that  is,  from  1135  to  1154,  the  arches  became  slightly  pointed; 
and  the  heavy  round  pillar  was  divided  and  clustered,  and  by  degrees  converted  into  the  tall  slender 
pillar  supporting  the  sharply  pointed  arch,  distinguished  by  the  name  of  lancet ;  but  still  many 
ornaments  of  the  preceding  era  continued  to  be  used.     In  the  reign  of  the  third  Henry  the  cathe- 
drals of  Westminster,  Salisbury,  and  Ely,  are  evidence  of  the  perfection  to  which  this  elegant  style 
had  then  been  carried.     The  distinguishing  features  of  this  style  are  tall  and  slender  pillars, — some 
of  them,  as  in  the  nave  of  Worcester  cathedral,-  bound  by  fillets  at  certain  distances,  and  insulated 
and  clustered  into  a  single  column ;  with  narrow  lancet-windows,  and  roofs  upon  simple  cross  spring- 
ers ;  the  arches  sharply  pointed,  and  the  windows  increased  to  three  lights.     There  was  sometimes 
a  combination  of  circular  and  pointed,  and  a  mixture  of  the  old  ornaments ;  but  perhaps  the  most 
striking  of  all  the  features  of  this  period  is  the  lofty  and  finely  tapered  spire,  which,  in  1222,  was 
constructed  of  timber  covered  with  lead,  upon  the  lofty  tower  of  Old  St.  Paul's  cathedral.     The 
tower  itself  was  260  feet  high,  and  the  spire  being  274,  made  the  total  height  534  feet. 

11.  Under  Edward  I.  every  feature  of  the  Norman  style  was  totally  rejected.     Slender  pillars  of 
Purbeck  marble  were  adopted.     These  were  united  under  one  capital,  decorated  with  the  leaves  of 
the  palm-tree  ;  and  the  pillars  and  arcades  were  modelled  into  an  extreme  of  lightness.     Early  in 
the  reign  of  Richard  the  II.,  under  the  celebrated  William  de  Wykeham,  additional  boldness  and 
decorations  were  thrown  into  the  style.     The  capitals  were  constructed  and  sculptured  with  more 
ingenuity  ;  the  vaults  were  studded  with  knots  of  foliage  at  the  intersection  of  the  ribs ;  the  western 
front  was  enriched  with  statues ;  and  the  flying  buttresses,  formed  of  segments  of  circles,  were  ren- 
dered highly  ornamental.      The  ribs  had  also  formed  a  considerable  degree  of  tracery  upon  the 
vaults.     The  small  columns  were  at  last  not  placed  separate  from  the  body  of  the  column,  but, 
being  united,  composed  it.     The  windows  were  greatly  enlarged ;  they  were  divided  by  stone  mul- 
lions,  and  spread,  in  the  upper  part,  into  many  beautiful  and  fanciful  ramifications.     The  eastern 
and  western  windows,  in  many  instances,  occupied  the  whole  breadth  of  the  nave,  and  rose  nearly 
as  high  as  the  vaultings.     And  these  windows — which  were  now  filled  with  painted  glass,  exhibiting 
portraits  and  historical  subjects — produced  a  magical  effect  with  which  mankind  had  hitherto  been 
unacquainted.     In  the  cathedral  and  St.  Mary's  chapel — now  Trinity  parish-church — at  Ely,  are 
pillars  and  windows  of  this  style,  and  the  chapel  is  reckoned  one  of  the  most  perfect  structures  of 
that  age.     It  has  been  thought  that  the  crown  of  Becket,  in  Canterbury  cathedral,  suggested  the  plan 
of  the  Louvre,  of  Ely,  and  Canterbury,  which  are  fine  specimens  of  this  style ;  and  that  the  crosses, 
erected  by  Edward  I.,  afforded  a  model  for  the  canopies,  denominated  tabernacle-work. 

12.  With  regard  to  the  era  of  this  style,  the  first  appearance  of  the  pointed  arch  was  during  the 
reign  of  Stephen  (1135  to  1154) ;  but  the  Norman  features  were  not  wholly  rejected  till  Edward  I. 
(1272  to  1307)  ;  and  the  termination  of  this  pure  style  may  be  placed  about  the  commencement  of 
the  fourth  Henry  (1399),  so  that  the  works  which  exhibit  this  particular  style  were  executed  in  the 
latter  end  of  the  13th  and  the  beginning  of  the  14th  century.     Its  distinguishing  features  have 
already  been  mentioned  ;  but  it  is  necessary  to  add  that  the  arches  of  the  windows  and  niches  were 
ornamented  with  crockets  tied  at  the  top,  in  a  knot  resembling  the  blossom  of  the  Euphorbium ;  the 
central  towers  became  more  lofty,  and  more  ornamented ;  the  cloisters,  altars,  screens,  canopies, 
shrines,  and  even  external  western  fronts,  were  highly  enriched  with  sculptures ;  and  the  tapering 
spire  was  brought  into  use.     It  is  impracticable  and  unnecessary  here  to  enumerate  all  the  instances 
in  which  this  stylo  was  adopted ;  for  it  was  extended  to  ecclesiastical  buildings  in  every  quarter  of 
the  kingdom.     But  the  following  are  specimens  which  will  convey  a  satisfactory  idea  of  its  excel- 
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lency: — The  western  parts  of  York,  Peterborough,  and  Litchfield  cathedrals;  the  addition  at  Lin- 
coln ;  the  naves  of  Canterbury,  York,  Winchester,  and  Exeter  cathedrals ;  the  choirs  of  York  and 
Gloucester ;  and,  for  correctness  of  proportions  and  richness  of  decorations,  the  screens  of  Abbot- 
Whitehamstead  at  St.  Alban's,  and  Bishop  Fox  at  Winchester,  deserve  to  be  noticed. 

13.  From  the  accession  of  the  fourth  Henry  to  the  death  of  Henry  the  VII.  in  1509,  that  is,  dur- 
ing the  course  of  the  15th  century,  the  style  of  architecture  was  again  completely  changed.     The 
walls  were  made  of  great  height,  but  remarkably  thin ;  the  towers  were  ornamented  with  panelled 
arcades  in  every  part  of  their  height ;  and  the  parapets  and  pinnacles  were  formed  of  open  embattled 
work.     The  vaultings  of  the  roof  were  constructed  with  great  ingenuity,  and  were  made  to  unite 
with  the  groins  formed  by  the  arches  over  the  windows ;  they  were  also  formed  into  pendants  of 
singular  shape  and  workmanship.     Over  the  high  altar,  instead  of  decorations  composed  of  architec- 
tural members  or  imitations  of  leaves  or  flowers,  images  of  angels  and^musical  instruments  in  full 
choir  were  introduced.     The  cloisters,  which  had  hitherto  remained  quite  plain,  had  now  their  roofs 
overspread  with  tracery,  which,  rising  from  the  springers,  took  the  form  and  appellation  of  fan-work ; 
and  even  the  windows  of  these  cloisters  were  filled  with  painted  glass.     Of  this  style,  the  finest 
specimens  are,  the  chapel  of  King's  College,  Cambridge,  begun  by  Henry  VI.,  and  finished  by 
Henry  VIII.,  and  the  chapel  of  Henry  VII.  at  Westminster.     The  number  and  variety  of  orna- 
ments, among  which  the  armorial  bearings  had  long  been  introduced,  the  exquisite  delicacy  of  work- 
manship, and  the  extent  of  windows  filled  with  painted  glass  in  walls  of  incredible  thinness,  but,  above 
all,  the  singularity  of  the  roof,  produce  a  wonderful  degree  of  surprise  and  admiration.     From  this 
period,  an  insatiable  disposition  to  vary  and  increase  decorations,  already  so  profuse, — the  dreadful 
havoc  which  took  place  at  the  Reformation, — and  the  inclination  which  began  to  prevail  of  intro- 
ducing the  ancient  Roman  style,  which,  early  in  the  16th  century,  had  been  revived  in  Italy, — led 
to  all  the  confusion  and  despicable  intermixtures  which  took  place  for  almost  a  century. 

14.  This  pointed  style  of  architecture  occupied  little  more  than  four  centuries.     As  it  acquired  its 
character  by  being  elevated  above  the  semicircle,  so  its  decline  commenced  by  a  depression  below 
that  standard.     The  chief  symptoms  of  this  decline  were  rendering  the  walls  a  mere  glass  case, — 
depressing  the  arches, — employing  a  redundancy  of  tracery  ramified  into  fibres  and  loaded  at  meet- 
ings with  heavy  armorial  bearings,  badges,  and  rebuses, — towers  covered  with  hemispherical  cupolas, 
— and  portals  enclosed  with  square  architraves.     The  first  order  of  the  pointed  style  is  to  be  traced 
up  to  Henry  I.  in  1132,  or  more  certainly  to  the  beginning  of  Stephen,  1136.     It  was  perfected  before 
the  conclusion  of  the  12th  century,  and  continued  till  near  the  conclusion  of  the  13th  century.     It  is 
distinguished  by  its  sharp  arch, — pillars  frequently  Saxon  but  afterwards  with  detached  slender  shafts, 
— groining  of  simply  intersecting  ribs, — plain  pediments  without  crockets  or  side  pinnacles, — windows 
either  without  mullions  or  only  having  a  simple  bisecting  one,  with  a  single  trefoil  or  quatrefoil,  or  other 
flower,  at  top.     The  specimens  are  the  east  end  of  Canterbury  cathedral,  west  end  of  Lincoln,  the 
whole  of  Salisbury,  and  the  transepts  of  York  and  Westminster  cathedrals.     The  second  order  reigned 
from  the  latter  end  of  the  13th  to  the  middle  of  the  15th  century.     Its  characteristics  are,  the  finely 
formed  arch,  including  an  equilateral  triangle, — clustered  columns,  formed  mostly  of  one  stone, — 
elegant  and  chaste  tracery  in  windows  and  groins, — crocketed  pinnacles,  tabernacles,  and  pediments ; 
the  latter,  towards  the  end  of  the  14th  century,  being  formed  with  a  sweep.     The  specimens  are, 
the  nave  of  Westminster  cathedral,  nave  and  choir  of  York,  naves  of  Winchester,  Exeter,  Canter- 
bury, Wykeham's  two  colleges,  and  St.  Stephen's,  Westminster.     The  third  order  has  been  minutely 
detailed  in  mentioning  the  symptoms  of  decline.     It  reigned  from  the  latter  end  of  the  15th  to  nearly 
the  middle  of  the  16th  century.     The  specimens  are,  St.  George's  Chapel  at  Windsor ;  King's  Col- 
lege Chapel,  Cambridge ;  and  Henry  Seventh's  Chapel,  Westminster. 
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15.  This  Gothic  school  is  not  more  remarkable  for  the  elegance  of  its  forms,  than  the  scientific 
skill  with  which  the  essential  parts  are  adjusted.     The  small  quantity  of  materials  employed  in 
edifices  of  great  extent  and  elevation,  when  compared  to  similar  Greek  and  Roman  works,  resembles 
films  of  net  work,  or  slight  frames  of  timber  or  iron.     To  construct  edifices  of  this  description,  with 
small  sandstones,  so  as  to  be  stable  and  lasting,  far  surpasses  the  efforts  of  ancient  artists,  whose 
trust  was  reposed  in  the  hardness  and  magnitude  of  their  materials.     In  Gothic  construction,  all 
depended  upon  the  correct  adjustment  of  the  bearings  and  thrusts  of  the  different  arches  operating 
in  various  directions ;  not  opposed  by  thick  walls,  but  balanced  by  each  other,  and  by  buttresses  and 
pinnacles  apparently  only  objects  of  decoration.     The  Greek  architects  having  no  arches,  had  only 
to  arrange  perpendicular  pressures,  and  the  strength  of  lintels  from  pillar  to  pillar ;  and  for  this  their 
fine  marble  quarries  afforded  a  material  which  removed  all  difficulties.     They  had,  it  is  true,  the 
principle  of  arches  in  the  construction  of  their  timber  roofs ;  but  this  was  rendered  an  easy  task,  by 
introducing  ranges  of  pillars  in  the  inside  of  the  cells.     Their  architects,  therefore,  instead  of  study- 
ing the  principles  of  geometrical  construction,  directed  their  whole  attention  to  that  magnificence 
which  consisted  in  the  magnitude  and  masterly  execution  of  columns  and  sculptures.     The  outlines 
of  the  Greek  architecture,  excepting  the  roof,  were  all  horizontal  or  perpendicular ;  those  of  the 
Gothic  were  perpendicular  or  tapering  upwards,  as  the  pointed  arch,  the  pinnacle,  or  spire,  and 
were  generally  constructed  with  stones  of  small  dimensions.     In  the  spire  of  Salisbury,  which, — 
besides  the  tower, — is  180  feet  high,  the  walls  are  only  seven  inches  thick.     These  spires,  one  of  the 
most  striking  features  in  Gothic  architecture,  are,  in  their  purest  and  most  perfect  forms,  peculiar 
to  England.     The  finest  are  those  which  are  lofty,  contained  within  small  angles,  and  which  have 
not  their  outlines  broken  by  any  ornament.     In  different  parts  of  England  there  are  many  very 
beautiful  spires ;  but  the  most  lofty  are  those  at  Salisbury,  Grantham,  and  Coventry. 

16.  While,  during  the  latter  part  of  the  15th  and  beginning  of  the  16th  century,  the  ornamental 
Gothic  was  carried  to  luxuriant  extravagance  in  England,  the  ancient  Roman  architecture  began  to 
occupy  the  attention  of  men  of  talents  in  Italy.     In  1016,  Buscheto,  a  Greek  of  the  Island  of  Du- 
lichio,  constructed  the  cathedral  of  Pisa  with  marble  columns  and  a  dome.     He  had  many  disciples, 
and  was  reckoned  the  founder  of  modern  architecture  in  Europe.     Early  in  the  15th  century,  Filippo 
Brunileschi,  a  Florentine,  born  in  1377,  whose  ardent  and  original  mind  led  him  to  study,  and  form 
his  taste  from  the  remains  of  ancient  buildings  at  Rome,  undertook  and  completed  the  cathedral  of 
Florence  with  an  octagonal  cupola  of  great  dimensions,  which  a  convocation  of  the  architects  of  that 
age  (1420)  had  pronounced  impracticable.     The  completion  of  this  edifice,  the  example  of  the  other 
excellent  works  in  which  he  was  employed,  and  the  perusal  of  the  writings  of  Vitruvius,  created  a 
general  disposition  to  this  style  of  architecture.     This  was  increased  by  the  treatise  '  De  Me-edifica- 
toria,'  which  was  shortly  after  published  by  Leon  Battista  Alberti,  a  learned  canon  of  the  metropoli- 
tan church  of  Florence,  born  in  1398,  who  also  practised  architecture.     His  principal  performance 
is  reckoned  the  new  works  and  embellishments  of  the  church  of  St.  Francis  at  Rimini.     These 
circumstances  were  preparatory  to  the  great  undertaking  which  fixed  the  epoch  of  the  revival,  and 
gave  to  the  Christian  world  a  temple,  which,  in  magnitude  and  variety  of  parts,  far  surpassed  every 
Grecian  and  Roman  work  of  a  similar  description.     Under  Julius  II.  Bramante,  a  native  of  the 
duchy  of  Urbino,  born  in  1444,  having  been  distinguished  by  his  talents  in  various  architectural 
works  at  Rome,  under  Pope  Alexander  VI.,  was  employed  first  to  design  the  great  theatre  between 
the  old  Vatican  and  Belvidere,  and  afterwards  the  plan  for  St.  Peter's  church — see  Plate  CLIII. — 
and  that  magnificent  structure  was  carried  on  under  the  direction  of  Raphael  de  Urbino,  the  friend, 
some  say  the  relation,  of  Bramante.     Baldasse  Poruzzi,  Frater  Johannus  Jocundus,  Antonio  San- 
gallo,  Michael  Angelo,  Buonarroti,  Guilio  Romano,  and  Giacomo  Barozzi,  known  by  the  name  of 
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Vignola,  from  a  place  in  the  Modenese,  where  he  was  born  in  1507, — these  eminent  men  planned 
and  conducted  many  churches  and  palaces ;  and  Vignola,  from  his  elaborate  publications,  and  fruitful 
yet  sober  invention,  has  been  not  improperly  styled  the  legislator  of  architecture.  During  the  pon- 
tificate of  Leo  X.  architecture,  sculpture,  and  painting,  were  greatly  encouraged.  Andrea  Palladio, 
born  at  Vicenza,  1508  ;  Sebastian  Serlio,  who  flourished  in  Lombardy  about  1530 ;  and  Vicenza 
Scamozzi,  born  at  Vicenza  in  1552,  all  cultivated  the  ancient  style  with  great  success ;  more  espe- 
cially Palladio,  whose  unwearied  and  faithful  labours  in  examining  the  remains  of  ancient  structures, 
combined  with  the  taste  and  skill  with  which  he  transfused  their  style  into  the  numerous  edifices  for 
which  he  was  architect,  and  his  able  treatise  published  in  1570,  have  obtained  for  him  the  title  of 
the  restorer  of  Roman  architecture.  The  reputation  which  he  early  acquired,  afforded  him  numer- 
ous opportunities  of  constructing  works  of  various  descriptions,  and  of  great  magnificence.  Of  these, 
the  theatre  at  Vicenza,  and  the  Villa  Capra,  or  Rotunda,  are  fine  specimens  of  his  genius-  and  skill, 
and  justify  his  title  to  the  appellation  of  the  Raphael  of  Italian  architects.  France  was  not  hasty 
iu  adopting  the  Roman  manner  as  revived  in  Italy.  It  was  not  till  the  17th  century  that  St.  Louis 
de  la  Rue  St.  Antoine  was  constructed  from  a  design  executed  at  Rome  by  Vignola,  the  front  and 
cupola  of  the  Invalids  by  Mansart,  and  St.  Genevieve,  with  its  magnificent  portico,  by  Soufflet,  are 
reckoned  the  best  specimens.  The  south-east  front  of  the  old  Louvre  by  Claude  Perrault,  consisting 
of  a  colonnade  of  the  Corinthian  order  400  feet  in  length,  possesses  great  simplicity,  and  produces  a 
noble  effect.  The  gallery  of  the  Tuilleries,  1,300  feet  in  length,  is  uncommon  and  striking.  The 
Observatory  is  grand  and  imposing.  The  Palace  at  Versailles  is  more  remarkable  for  its  magnitude 
than  good  taste ;  there  is  great  monotony  in  it,  and  the  ornaments  are  trifling  and  crowded.  The 
British  Museum,  built  upon  the  model  of  French  palaces,  by  Monsieur  Pouget,  is  an  evidence  that 
the  roof  is  much  too  predominating  a  feature.  In  Germany,  this  Roman  style  made  no  progress. 
Even  at  Vienna,  in  the  church  of  St.  Charles  Borromeo,  the  best  work  of  John  Bernard  Fischers, 
there  is  little  merit.  In  the  church  of  the  imperial  convent  at  Molck  in  Austria,  he  has  been  more 
successful. 

17.  Towards  the  middle  of  the  16th  century,  and  near  the  close  of  the  reign  of  Henry  VIII., 
Holbein  introduced  Roman  architecture  into  England ;  but  his  labours  did  not  extend  beyond  por- 
ticoes and  portals.     St.  James's  palace  in  Westminster,  opposite  to  Whitehall,  and  Wilton  House, 
contained  specimens  of  his  works.    After  him,  John  of  Padua  built  the  palace  of  the  Protector  Somerset 
on  the  bank  of  the  river  Thames,  between  the  cities  of  London  and  Westminster.     He  also  built 
Longleat  in  Wiltshire,  wherein  are  introduced  the  Doric,  Ionic,  and  Corinthian  orders  immediately 
over  each  other,  which  formed  a  very  regular  and  magnificent  edifice.     Holland  House,  and  that  of 
the  Marquis  of  Salisbury  at  Hatfield,  are  perfect  specimens  of  the  style  which  prevailed  during  the 
time  of  Elizabeth  and  James  I.     The  characteristics  are,  very  large  apartments,  galleries  of  great 
length,  cornices  and  ceilings  heavy  and  formed  into  deep  compartments,  halls  frequently  occupying 
the  whole  height  of  the  house,  very  large  square  windows  divided  by  stone  mullions,  and  parapets 
composed  of  pediments  of  various  and  singular  forms.     John  Thorpe  was  the  most  eminent  architect 
of  this  age  :  Burleigh-house  is  his  design. 

18.  But  it  was  not  until  the  beginning  of  the  17th  century,  that  the  practice  of  this  style  was 
completely  established  by  Inigo  Jones.     He  was  born  in  London  in  1572,  and  having  early  shown 
a  strong  disposition  for  drawing,  he  was,  by  the  munificence  of  the  Earl  of  Pembroke,  enabled  to 
travel  through  Italy.     Here  the  remains  of  the  ancient  edifices,  the  magnificent  works  of  modern 
architecture  at  Rome,  but  above  all  those  of  Palladio,  aiforded  a  field  for  study,  upon  which  he 
entered  with  ardour,  and  benefited  to  such  a  degree,  as  to  enable  him  to  become  the  Palladio  of  his 
native  country.     From  Rome  he  went  to  Denmark,  at  the  request  of  Christian  IV.,  where  he  was 
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found  by  James  I.,  and  was  brought  over  to  Scotland  by  Queen  Anne.  Here  he  altered  and  improved 
the  old  palace  of  Holyrood  House,  and  afterwards  gave  designs  for  Heriot's  Hospital,  and  probably 
the  Parliament  House.  In  1612  he  returned  to  Italy,  and  finished  his  studies.  Of  his  early  and 
least  classical  style,  the  inner  quadrangle  of  St.  John's  College,  Oxford,  is  a  specimen.  Here  the 
arches  rest  immediately  upon  the  capitals  of  the  columns.  There  are  busts  between  the  arches,  and 
heavy  wreaths  of  foliage  in  the  alcoves.  But  he  afterwards  composed,  with  simplicity  and  great 
classical  elegance,  the  Banqueting-house  Whitehall,  Greenwich  Hospital,  Surgeon's  Hall,  and 
Covent-Garden  Church.  Besides  these  public  works,  Wilton  House,  the  south  and  east  side  of 
Castle  Ashley,  Lord  Radnor's  at  Coleshill  in  Berkshire,  and  Stoke-Park  in  Northampton,  are 
known  to  be  his.  But  his  practice  having  been  very  extensive,  many  other  edifices  are  in  part  his, 
and  formed  upon  his  models.  So  that,  besides  the  classical  elegance  which  he  introduced  into  public 
buildings,  we  are  equally  indebted  to  him  for  the  convenience  and  comfort  enjoyed  in  the  private 
dwellings  which  he  planned.  Heriot's  Hospital  was  begun  in  July  1628.  It  was  interrupted  by  the 
national  disturbances  in  1639;  but  was  again  proceeded  with  in  1642,  and  completed  in  1650,  at  an 
expense  of  about  £30,000.  It  consists  of  one  square  court,  encompassed  with  buildings  ;  it  has  pro- 
jecting turrets  at  the  external  angles,  and  a  square  tower  over  the  entrance,  which  is  carried  up  to 
double  the  height  of  the  rest  of  the  building,  and  finished  with  a  cupola.  Belts  or  string  courses 
divide  the  several  stories.  The  windows  have  pediments  over  them  ;  some  of  these  are  pointed,  some 
circular,  and  open  in  the  middle.  The  entrance  archway  has  coupled  Doric  columns  with  fully 
enriched  entablature;  but  this  is  broken  by  heavy  trusses,  having  grotesque  Gothic  ornaments.  The 
mouldings  round  the  arch  terminate  in  a  scroll ;  and  there  are  pinnacles  over  the  coupled  columns. 
Immediately  above  the  archway  are  twisted  Corinthian  columns :  the  whole  frontispiece  is  crowned 
and  surrounded  by  minute  sculptures.  The  interior  of  the  square,  which  is  about  32  yards  by  30, 
has  arcades  on  two  sides,  and  towers  at  the  four  angles,  in  which  are  stairs.  The  windows  of  three 
sides  have  pilasters  and  regular  sculptured  ornaments  over  them.  In  the  upper  row,  on  the  north 
or  entrance  side,  in  the  middle  of  the  sculpture  over  the  windows,  there  are  small  niches,  with  busts 
in  them ; — this  produces  a  fine  effect.  On  the  south  side  is  the  chapel,  with  very  large  Gothic  win- 
dows ;  but  the  entrance-door  has  small  coupled  Corinthian  columns,  with  a  circular  pediment  over 
each  pair,  and  both  these  surmounted  by  a  strange  sort  of  circular  open  pediment.  We  know  of  no 
other  instance,  in  the  works  of  a  man  of  acknowledged  talents,  where  the  operation  of  changing 
styles  is  so  evident.  In  the  chapel  windows,  although  the  general  outlines  are  fine  Gothic,  the 
mouldings  are  Roman.  In  the  entrance  archways,  although  the  principal  members  are  Roman,  the 
pinnacles,  trusses,  and  minute  sculptures  partake  of  the  Gothic.  The  outlines  of  the  whole  design 
have  evidently  been  modelled  on  the  latter  style,  of  the  baronial  castellated  dwelling.  It  forms  one 
of  the  most  magnificent  features  of  this  singular  city,  and  is  a  splendid  monument  of  the  munificence 
of  one  of  its  citizens,  George  Heriot,  a  goldsmith  in  the  reign  of  James  the  VI. 

19.  Next  in  succession  to  Inigo  Jones  is  Sir  Christopher  Wren.  He  was  eminently  possessed  of 
the  qualifications  requisite  for  a  perfect  architect ;  his  education  was  liberal ;  he  was  one  of  the  first 
geometricians  of  the  age  in  which  he  lived ;  he  had  a  disposition  for  mechanics ;  he  possessed  a  dis- 
passionate but  persevering  temper,  and  had  a  fine  taste.  He  was  of  Wadham  College,  Oxford,  and 
became  Savilian  Professor  of  Astronomy  in  that  university.  Having  given  various  excellent  speci- 
mens of  his  architectural  talents  in  that  beautiful  city,  he  was  appointed  a  commissioner  for  repairing 
St.  Paul's  church  in  London.  In  1665,  he  travelled  into  France  to  examine  the  public  buildings  of 
that  nation.  After  the  great  fire  of  1666,  he  was  fixed  upon  to  form  the  plan  and  direct  the  rebuild- 
ing of  St.  Paul's.  This  he  accomplished  in  the  course  of  35  years,  and  has  produced  an  edifice  of 
which  his  country  has  reason  to  be  proud.  See  Plate  CLIII.  The  extreme  length  is  530  feet, 
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breadth  250,  height  366,  breadth  of  facade  180,  outward  diameter  of  the  cupola  140,  inward  at 
whispering  gallery  112  feet.  The  original  and  favourite  design  of  the  architect  was  not  adopted  by 
the  commissioners.  It,  in  many  respects,  possessed  more  magnificent  features  than  the  present. 
Instead  of  two,  it  consisted  of  one  order  onl}',  and  the  portico  was  very  considerably  insulated. 
Every  part  had  by  this  means  much  more  simplicity,  elevation,  and  boldness,  and  there  being  only 
a  single  range  of  large  windows,  it  conveyed  the  idea  of  one  great  apartment.  Internally,  the  dome 
rested  upon  the  entablature  of  the  order,  without  the  intervention  of  arches.  Plates  of  this  design 
have  been  published,  and  a  model  of  it  is  still  preserved  in  an  apartment  of  the  present  edifice.  The 
devastation  caused  by  the  great  fire  of  1666,  afforded  many  other  opportunities  for  his  architectural 
talents.  In  the  church  of  St.  Stephen's,  Walbrook,  there  is  a  most  perfect  specimen  of  his  skill. 
See  Plate  CLIV.  It  consists  internally  of  a  cupola,  resting  upon  Corinthian  columns;  the  whole 
distributed  and  adjusted  with  the  utmost  delicacy  and  correctness.  Many  of  the  other  churches  of 
the  city  owe  their  most  distinguishing  features  to  his  masterly  hand.  The  tower  of  St.  Mary  le 
Bow  is  a  singular  and  bold  ornament  for  a  great  city.  In  the  monument,  lie  has  constructed  a 
column  equal  in  design  and  execution,  and  superior  in  elevation,  to  any  of  antiquity :  if  his  material 
is  inferior,  or  the  sculptures  less  numerous,  prudence  and  necessity  limited  his  exertions.  The  height 
of  this  column  is  202  feet;  that  of  Antonine,  at  Rome,  was  175;  and  that  of  Trajan  only  147. 
The  other  works  of  this  great  architect  are  numerous.  The  parts  he  planned  in  Greenwich  Hospital 
are  inferior  to  few  edifices,  ancient  or  modern.  The  colonnades,  of  347  feet  in  length,  will  bear  a 
comparison  with  those  of  Bernini,  in  front  of  St.  Peter's.  Chelsea  Hospital,  and  the  modern  part 
of  Hampton  Court,  though  chiefly  of  brick,  are  yet  magnificent  buildings.  And  the  garden  front 
and  chapel  of  Trinity  College,  Cambridge ;  the  Ashmolean  Museum,  and  Sheldonian  Theatre,  at 
Oxford,  besides  many  lesser  works,  will  perpetuate  his  fame  in  that  singularly  fine  city. 

20.  In  the  works  of  Sir  C.  Wren  the  Roman  manner  was  completely  established ;  and  from  his 
time  public  buildings  were  all  designed  in  this  newly-adopted  style.     For  some  time,  Gibbs  appears 
to  have  been  most  extensively  employed  in  the  management  of  many  of  them.     He  was  a  scrupulous 
copyist  of  Palladio,  but  he  seldom  displayed  good  taste.     About  the  same  time  with  Gibbs,  Sir  John 
Vanburgh  practised  architecture  extensively  in  England ;  but  although  the  works  he  executed  were 
all  palaces  and  for  nobles,  yet,  being  for  private  persons,  it  is  Blenheim  alone  which  can  be  admitted 
in  the  list  of  public  edifices.     The  style  of  this  splendid  palace,  [see  Plate  CLV.,]  erected  at  the 
public  expense  early  in  the  18th  century,  displays  much  boldness  and  originality  of  genius.     The 
diversity  and  novelty  of  the  outlines,  both  in  the  plan  and  elevation,  form  a  strong  contrast  with 
the  tameness  of  other  buildings.     The  whole  facade  has  more  the  appearance  of  a  triumphal  monu- 
ment than  a  private  dwelling.     His  poetical  mind,  independent  of  previous  canons,  imagined  forms 
expressive  of  the  character  he  had  assumed ;  and  certainly,  in  what  regards  general  outlines,  and 
the  disposition  of  the  principal  members,  few  architectural  works  have  so  completely  succeeded ;  but 
in  the  subordinate  features,  his  taste  has  been  grossly  deficient ;  and  it  is  difficult  to  conceive  how 
talents  like  his  could  admit  the  rude  clumsiness  which  but  too  frequently  deforms  his  buildings. 
The  central  front  of  Blenheim  is  scarcely  a  sufficient  mass  for  the  wings. 

21.  In  the  conduct  of  great  public  works,  the  next  architect  was  Sir  William  Chambers.     He  has 
displayed  a  strong  disposition  to  investigate  subjects  connected  with  architecture ;  and,  in  his  Trea- 
tise on  Civil  Architecture,  he  has,  with  great  care,  made  a  judicious  selection  from  the  purest  re- 
mains of  antiquity  in  Italy,  and  from  the  works  of  its  ablest  restorers ;  but  he  was  so  totally  ignorant 
of  Greek  architecture,  as  to  dispute  its  being  carried  to  much  perfection  or  practised  on  a  large  scale 
by  that  people.     His  situation,  as  surveyor-general  of  the  Board  of  Works,  led  him  to  be  employed 
in  edifices  where  there  was  abundant  opportunities  of  displaying  his  talents.     The  square  of  Somcr- 
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set-place  is  entirely  from  his  designs,  and  executed  under  his  direction.  Towards  the  street,  the 
front,  which  is  on  a  line  with  the  houses  on  each  side  of  it,  is  seen  to  disadvantage.  The  inside  of 
the  square  has  all  the  advantages  a  similar  space  can  afford.  The  whole  design  has  not  been  com- 
pleted, but  the  central  part  has ;  and  we  therefore  see  what  must  have  been  intended  as  the  princi- 
pal features  of  the  composition.  In  the  river  front  there  is  a  fine  terrace ;  but  the  extensive  facade, 
which  is  elevated  upon  it,  is  deficient  in  majesty.  The  disproportioned  height  of  the  basement  takes 
away  from  the  effect  of  the  order.  In  the  dark  recesses  the  columns  appear  very  diminutive.  If 
the  basement  had  been  only  so  high  above  the  terrace  as  to  raise  the  order  to  be  all  seen  from  the 
middle  of  the  river,  the  parts  would  have  been  more  distinct  and  impressive ;  and  had  the  face  of  the 
building  been  plain  instead  of  being  wholly  cut  into  small  rustics,  there  would  have  been  more  sim- 
plicity. The  dome  in  the  centre  of  the  roof  is  much  too  small.  The  small  extent  of  the  street-front 
renders  the  improper  height  of  the  basement  more  conspicuous;  and  the  whole  is  rather  crowded 
than  grand.  Within  the  square,  which  is  300  feet  north  and  south,  and  200  east  and  west,  there  is 
a  tiresome  repetition  of  rustic  work:  there  are  many  fine  doorcases  and  windows,  and  much  exquisite 
sculpture ;  but  as  a  great  design,  it  is  deficient  in  the  magnificence  which  a  national  edifice  of  this 
description  ought  to  possess.  The  interior  of  the  building  is  arranged  with  much  care  ;  and  it  has 
several  fine  staircases.  This  architect  appears  to  have  been  careful  and  persevering,  and  endeavour- 
ing correctly  to  follow  what  he  conceived  the  true  classical  style  ;  but  he  was  ignorant  of  or  despised 
Greek  architecture,  and  seems  to  have  been  deficient  in  original  genius  and  taste.  He  died  in  1796. 
22.  About  this  time  Robert  Adam  rose  to  much  eminence  as  an  architect.  In  many  respects  he 
appears  to  have  been  the  reverse  of  Sir  William  Chambers.  He  early  travelled  into  Italy,  and,  with 
much  assiduity  and  care,  made  accurate  measurements  and  drawings  of  the  splendid  palace  of  the 
emperor  Dioclesian,  at  Spalatro  in  Dalmatia.  These  he  published,  with  finely  engraved  plates,  in 
one  folio  volume,  in  1764.  He  designed  the  buildings  in  London  called  the  Adelphi,  and,  in  con- 
junction with  his  two  brothers,  conducted  the  erection  of  them.  Although  composing  a  series  of 
private  houses,  yet  as  a  piece  of  street-architecture,  or  facade  to  the  river,  the  Adelphi  becomes  a 
public  building.  From  the  river  the  effect  is  very  imposing.  Economy  rendered  it  necessary  to 
build  with  brick  instead  of  Portland  stone,  and. to  make  the  ornamental  parts  of  a  composition  which 
he  invented.  Being  of  less  extent  than  Somerset  House,  it  acquires  more  apparent  elevation  and 
lightness.  The  outlines  of  the  tall  pilasters,  in  the  centre  building  and  wings,  add  very  much  to 
this  effect,  while  the  long  horizontal  lines  of  light  frieze  and  cornice  preserve  great  simplicity ;  but 
perhaps  the  most  striking  feature  is,  the  appearance  of  the  whole  mass  standing  upon  the  dark 
caverns  formed  by  arcades  under  the  terrace,  and  the  arched  passages  which  lead  from  the  wharfs 
on  the  shore  up  to  the  street  called  the  Strand.  The  desire  of  converting  as  much  as  possible  of 
the  space  into  buildings,  has  made  the  streets  of  the  Adelphi  too  narrow.  This  is  both  inconvenient 
and  unpleasant.  Towards  the  Strand  the  architecture  is  disfigured  by  circles,  and  a  profusion  of 
unnecessary  and  minute  ornaments.  In  this  instance,  as  well  as  in  many  of  his  designs  for  indi- 
viduals, it  appears  that  his  fertile  mind  had  been  unfortunately  too  strongly  infected  by  the  luxuriant 
but  depraved  style  of  Dioclesian 's  palace.  Hitherto  the  restored  Roman  architecture  had  been 
formed  entirely  upon  that  furnished  by  the  modern  Italian  architects,  and  was  frequently  employed 
without  just  discrimination  as  to  the  different  characters  of  the  buildings.  This  led  to  the  introduc- 
tion into  apartments  of  delicacy  decorations  which  the  ancients  had  only  used  in  those  of  great 
dignity  and  magnitude.  The  defects  in  Mr.  Adam's  style  were  corrected  by  that  brought  from 
Greece  by  Athenian  Stuart.  It  was  now,  for  the  first  time,  that  architecture,  as  practised  by  the 
Greeks,  appeared  in  original  purity.  The  beautiful  simplicity  of  the  outlines,  the  correct  propriety 
of  the  particular  members,  and  the  strict  delicacy  of  every  ornamental  decoration,  display  the  supe- 
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rior  taste  of  that  singular  people.  Besides  his  classical  performance  in  the  restoration  of  Greenwich 
Hospital,  Mr.  Stuart  designed  the  house  of  Mr.  Anson  in  St.  James's  Square,  and  of  Mrs.  Montague 
in  Portman  Square.  To  the  credit  of  the  national  taste,  the  Greek  style  soon  obtained  a  decided 
ascendency  in  every  part  of  the  kingdom,  and  existing  architects  have,  in  many  instances,  cultivated 
it  with  great  success. 

23.  The  great  influx  and  general  diffusion  of  wealth  has  of  late  introduced  an  improved  domestic 
architecture.  Our  merchants  and  manufacturers  having,  by  their  industry  and  ingenuity,  acquired 
the  means  of  procuring  accommodation  equal  to  that  of  our  nobility,  this  demand  has  increased  the 
number  of  our  architects,  many  of  whom  exercise  their  profession  with  the  highest  skill ;  but  our 
views  being  confined  to  merely  giving  a  connected  account  of  the  progressive  changes  of  the  art,  we 
must  deny  ourselves  the  pleasure  of  bestowing  encomiums  upon  many  deserving  living  artists.  For 
more  than  a  century  past,  whatever  peculiarity  has  prevailed  in  the  style  of  external  or  internal 
decorations,  the  mode  of  arranging  apartments  has  been  gradually  improving.  They  have  been  more 
judiciously  adapted  to  the  nature  of  the  climate  and  the  circumstances  of  the  possessor;  convenience 
and  comfort  have  been  made  the  chief  objects ;  and  these  have,  we  are  convinced,  been  obtained  to 
a  degree  of  perfection  unequalled  in  any  other  country.  The  contracting  the  dimensions  of  unneces- 
sarily large  halls  and  staircases,  avoiding  long  passages,  preventing  the  necessity  of  having  thorough- 
fares through  rooms,  the  introduction  of  bells  and  water-closets,  and  the  more  perfect  supply  and 
distribution  of  water,  may  be  reckoned  amongst  the  chief  of  these  improvements. 
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PART   VIII. 

APPENDIX    A. 

ON    THE    PRINCIPLES    OF    ARCHITECTURE. 

Principles  not  explained  by  the  Ancients,  1 Theories  of  Moderns.     Professor  Stewart,  2. Principles  correctlv 

made  out  by  Mr.  Alison,  3 Effect  of  Association,  4. Colours,  Form,  and  Motion,  .5 Of  Form,  6 

Qualities  of  which  it  is  expressive,  7. Natural  and  Relative  Beauty,  8. Of  Outlines,  9 Nature  and  direc- 
tion of  Lines  only  beautiful  from  association,  10. Simple  Forms,  II. Diminution  of  Solidity,  12. Conclu- 
sions, 13. Composition  of  Form,  14 Rules,  15 .Relative  Beauty,  16 Expression  of  Design,  17. 

Variety  of  Embellished  Design,  18 Expressive  of  skill  of  the  artist;  and  character  of  the  subject,  19. Expres. 

sion  of  Design  subject  to  that  of  character,  20. Fitness  constitutes  Relative  Beauty,  21 Proportion,  22. 

General  Reflections,  23. Principles  applied  to  architecture,  24 Principles  applied  to  the  Orders  of  architecture, 

25 Composition  of  Order,  26. Beauty  arises  from  Fitness,  27. Heaviness,  Slightness,  Unfitness,  28. 

Ideas  of  Proportion  acquired,  29. Dependent  upon  Fitness,   30. Experience  discovers  Fitness,  31 Mere 

Fitness  insufficient,  32. Accidental  associations,  33 Internal  Proportions,  34. Progress  of  Taste  decisive 

of  Fitness,  35. Kinds  of  Fitness,  36 Permanent  Beauty,  37 Accidental  Beauty,  38 Fashions  in  Fur- 
niture, 39. Conclusions,  40. Accidental  associations  to  be  sacrificed  to  permanent  expression,  41. Archi- 
tecture susceptible  of  expressions,  frequently  violated,  42. Observations  by  Professor  Stewart,  43. 

1.  ALTHOUGH,  in  all  civilized  nations,  architecture  has  been  considered  an  object  of  importance 
amongst  men  of  genius,  learning,  and  scientific  skill,  yet  very  few  have  afforded  any  satisfactory 
account  of  its  principles.     From  Vitruvius  to  our  own  times,  we  have  been  told  of  grandeur,  order, 
proportions,  harmony,  <fec. ;  but  it  has  never  been  distinctly  stated  upon  what  principles  these  are 
founded,  nor  by  what  means  they  are  to  be  attained.     This  very  necessary  and  important  art  has, 
therefore,  hitherto  been  too  frequently  directed  by  capricious  fancy ;  and  the  expense  and  durability 
of  its  works,  have  alone  prevented  it  from  experiencing  changes  equally  rapid  with  those  of  furniture 
and  dress. 

2.  Of  late  years,  men  of  distinguished  talents  have  bestowed  much  attention  upon  subjects  con- 
nected with  this  art.     To  state  the  various  theories  which  have  been  advanced,  would  much  exceed 
our  limits.     We  shall  therefore  only  observe,  that  the  works  of  Burke,  Price,  Knight,  Reynolds, 
and  Hogarth,  afford  elaborate  and  various  information ;  and  that  the  radical  errors  of  those  eminent 
men  are  fully  exposed  by  Professor  Stewart,  in  his  '  Philosophical  Essays'  upon  beauty,  sublimity, 
and  taste,  more  especially  the  latter,  which  he  proves  to  be  chiefly  an  acquired  faculty.     "  The  fact 
seems  to  be,  (as  Mr.  Stewart  observes,)  the  mind,  when  once  it  has  felt  the  pleasure,  has  little  in- 
clination to  retrace  the  steps  by  which  it  arrived  at  it.     It  is  owing  to  this  that  taste  has  been  so 
generally  ranked  among  our  original  faculties,  and  so  little  attention  has  hitherto  been  given  to  the 
processes  by  which  it  has  been  formed.     Dr.  Gerard  and  Mr.  Alison,  indeed,  have  analyzed,  with 
great  ingenuity  and  success,  the  most  important  elements  which  enter  into  its  composition,  as  it 
exists  in  a  well-informed  and  cultivated  mind." 

3.  Fortified  by  the  opinion  of  this  eminent  philosopher,  we  with  confidence  state  an  opinion  which 
we  have  long  entertained,  that  it  is  from  Mr.  Alison's  '  Essay  on  the  Principles  of  Taste '  alone,  that 
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a  satisfactory  knowledge  of  the  principles  of  architecture  is  to  be  obtained.  We  shall  therefore 
endeavour,  in  a  cursory  manner,  to  exhibit  his  general  views  of  the  subject ;  and,  for  more  perfect 
information,  refer  the  reader  to  his  elegant  and  philosophical  work. 

4.  In  treating  of  the  sublimity  and  beauty  of  the  material  world,  Mr.  Alison  observes,  "  It  cannot 
be  doubted  that  many  objects  of  the  material  world  are  productive  of  the  emotions  of  sublimity  and 
beauty :  some  of  the  fine  arts  are  altogether  employed  about  material  objects  ;  and  by  far  the  greater 
part  of  the  instances  of  beauty  and  sublimity  which  occur  in  any  man's  experience,  are  found  in 
matter,  or  some  of  its  qualities ;  on  the  other  hand,  it  must  be  allowed,  that  matter  in  itself  is 
unfitted  to  produce  any  kind  of  emotion."     And,  again;  "  But  although  the  qualities  of  matter  are 
in  themselves  incapable  of  producing  emotion  or  the  exercise  of  any  affection ;  yet,  it  is  obvious,  that 
they  produce  this  effect  from  their  association  with  other  qualities."     And,  "in  works  of  art,  par- 
ticular forms  are  signs  of  dexterity,  of  convenience,  of  utility;"  and,  "in  such  cases,  the  constant 
connections  we  discover  between  the  sign  and  thing  signified,  between  the  material  quality  and  the 
quality  productive  of  emotion,  renders  the  one  expressive  to  us  of  the  other,  and  very  often  disposes 
us  to  attribute  to  the  sign  that  effect  which  is  produced  by  the  thing  signified." 

5.  That  beauty  or  sublimity  is  to  be  ascribed,  not  to  the  material,  but  associated  qualities,  is 
shown  by  a  great  variety  of  illustrations ;  in  regard  to  the  sense  of  hearing,  whether  the  sounds  are 
simple  or  composed,  and  likewise  as  to  the  objects  of  sight,  which  are  colours,  form,  and  motion. 

6.  Architecture  being  so  much  affected  by  all  that  relates  to  form,  it  is  necessary  to  attend  care- 
fully to  what  this  enlightened  philosopher  has  advanced  respecting  it.     He  states,  "  of  all  the  mate- 
rial qualities,  that  which  is  most  generally  and  naturally  productive  of  the  emotions  of  sublimity  and 
beauty,  is  form  ;  other  qualities  may  be  separated  from  most  objects,  without  destroying  their  nature  ; 
but  the  form  of  every  material  object,  in  a  great  measure,  constitutes  its  nature  and  essence,  and 
cannot  be  destroyed  without  destroying  the  individual  subject  to  which  it  belongs.     From  whatever 
cause,  therefore,  the  beauty  of  any  material  object  proceeds,  it  is  natural  to  ascribe  it  to  the  form, 
or  to  that  quality  which  most  intimately  belongs  to  the  object,  and  constitutes  its  essence  to  our 
senses ;  the  common  opinion,  therefore,  undoubtedly  is,  that  forms,  in  themselves,  are  beautiful ; 
that  there  is  an  original  and  essential  beauty  in  some  particular  forms,  and  that  this  quality  is  as 
immediately  discernible  as  the  forms  themselves." 

7.  Having  premised  thus  much,  he  proceeds  to  state,  that  the  beauty  and  sublimity  of  forms  arises 
altogether  from  the  associations  we  connect  with  them,  or  the  qualities  of  which  they  are  expressive 
to  us,  and  shows,  with  great  accuracy,  the  different  expressions  of  which  forms  are  susceptible,  and 
which  are  the  foundation  of  that  sublimity  and  beauty  which  are  ascribed  to  them.     Of  inanimate 
forms,  the  principal  expressions  seem  to  be,  1st,  The  expressions  of  such  qualities  as  arise  from  the 
nature  of  the  bodies  distinguished  by  such  forms ;  and,  2dly,  The  expression  of  such  qualities  as 
arise  from  their  being  the  subject  or  production  of  art.     The  first  constitutes  their  natural,  the 
second  their  relative,  beauty ;  besides  the  expression  they  acquire  from  accidental  associations,  which 
may  be  termed  accidental  beauty. 

8.  We  are  next  taught,  that  the  natural  sublimity  of  inanimate  forms  arises  from  two  sources ; 
1st,  From  the  nature  of  the  objects  distinguished  by  that  form  ;  and,  2dly,  From  the  quantity  or 
magnitude  of  the  form  itself.     Thus  forms  which  distinguish  bodies  connected  with  danger,  power, 
durability,  splendour  or  magnificence,  awe  or  solemnity,  are  in  general  sublime ;  magnitude  is  sub- 
lime, as  associated  with  power  or  strength ;  with  height,  it  is  expressive  of  elevation  and  magna- 
nimity ;  with  depth,  of  danger  or  terror ;  with  length,  of  vastness,  when  apparently  unbounded  of 
infinity  ;  and  with  breadth,  it  is  expressive  of  stability.     But  that  magnitude  is  only  sublime  in 
consequence  of  being  expressive  of  those  qualities,  is  shown  by  many  illustrations.     The  conclusions 
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which  follow,  are,  1st,  That  there  is  no  determined  magnitude  which  is  solely  or  peculiarly  sublime, 
as  would  necessarily  be  the  case  were  magnitude  itself  the  cause  of  this  emotion.  2dly,  That  the 
same  visible  magnitude  which  is  sublime  in  one  subject,  is  frequently  the  reverse  in  another ;  and, 
3dly,  That  magnitude,  according  to  its  different  appearances,  has  different  characters  of  sublimity 
corresponding  to  the  different  expressions  which  such  appearances  have ;  whereas,  if  it  were  itself 
sublime,  independently  of  all  expressions,  it  would,  in  all  cases,  have  the  same  degree  and  the  same 
character  of  sublimity. 

9.  Respecting  the  natural  beauty  of  forms,  it  is  stated,  that  matter  is  circumscribed,  1st,  By  either 
angular  lines ;  or,  2dly,  By  curved  or  winding  lines.     When  composed  by  one  of  those  lines  solely, 
they  may  be  termed  simple  forms ;  when  they  are  composed  by  an  union  of  these  lines,  they  may 
be  termed  complex  forms.     That  simple  forms  may  be  described  by  angular  or  winding  lines ;  and 
as  so,  are  connected  with  very  different  associations,  or  are  expressive  of  very  different  qualities. 
That  the  greatest  part  of  those  bodies  in  nature  which  possess  hardness,  durability,  and  strength, 
are  distinguished  by  angular  forms ;  those,  on  the  contrary,  which  possess  weakness,  fragility,  or 
delicacy,  are  distinguished  by  winding  or  curvilinear  forms ;  and  that  this  is  evident  in  the  mineral, 
vegetable,  and  animal  kingdom  ;  also,  that  those  which  grow  and  decay,  are  distinguished  by  winding 
forms,  but  maturer  age  by  forms  direct  and  angular.     Likewise,  that  the  sense  of  touch  discovering 
angular  forms  to  be  expressive  of  roughness,  sharpness,  winding  forms  of  softness,  smoothness,  deli- 
cacy, very  early  leave  permanent  impressions,  and  afford  numerous  associations,  which  form  analo- 
gies with  certain  qualities  of  the  mind,  and  produce  some  degree  of  the  same  emotion.     The  epithets 
bold,  harsh,  delicate,  gentle,  are  universally  applied  to  forms.     It  is  concluded,  that  the  emotions 
are  founded  upon  the  associated  qualities,  and  are  very  different  from  the  more  agreeable  or  dis- 
agreeable sensations  which  material  qualities  alone  convey.     Besides  simple  curves,  there  are  ser- 
pentine forms,  in  which  different  curves  take  place,  or  in  which  a  continued  line  winds  into  several 
curvatures,  which  furnishes  an  association  of  ease.     When  vegetables,  or  any  other  delicate  body, 
assume  their  form,  we  are  impressed  with  the  conviction  of  its  being  easy,  agreeable  to  their  nature, 
and  free  from  force  or  constraint.     On  the  contrary,  when  such  bodies,  in  the  course  of  their  pro- 
gress, assume  angular  forms,  we  have  a  strong  impression  of  the  operation  of  force. 

10.  On  the  subject  of  lines  Mr.  Alison  makes  the  following  important  observations,  which  deserve 
the  particular  attention  of  the  architect.     "  Lines  differ  either  in  regard  to  their  nature  or  direction. 
1.  Lines  differ  in  regard  to  their  nature,  according  to  the  different  degrees  of  their  consistence  and 
strength.     Strong  and  vigorous  lines  are  expressive  to  us  of  strength  and  stability,  when  perpen- 
dicular; and  of  some  degree  of  harshness  and  roughness,  when  horizontal,  or  in  an  oblique  direction. 
Fine  and  faint  lines  are  expressive  to  us  of  smoothness,  fineness,  and  delicacy.     In  any  given  number 
of  straight  lines,  that  is  always  the  most  beautiful  which  is  the  finest;  or  which,  while  it  preserves 
its  continuity,  has  the  appearance  of  the  smallest  quantity  of  matter  employed  in  the  formation  of 
it."     But  these  forms  are  beautiful  only  in  consequence  of  the  associations  we  connect  with  them. 
Destroy  that  association,  and  they  are  no  longer  beautiful. 

11.  In  the  course  of  illustrating  these  subjects,  it  is  stated,  that  the  greater  part  of  beautiful  forms 
in  nature  are  formed  in  the  vegetable  kingdom ;  and  accordingly,  it  is  from  those  of  the  most  deli- 
cate texture,  that  artists  have  selected  forms  to  imitate,  for  the  purpose  of  ornaments  and  elegance ; 
but  it  is  only  those  which  are  particularly  fine  and  delicate  which  are  fit  for  these  purposes.     On 
the  contrary,  the  different  bodies  which  constitute  the  mineral  kingdom  being  distinguished  by  a 
greater  degree  of  hardness  and  solidity,  although  they  may  be  moulded  into  any  form,  yet  the  beauty 
of  the  serpentine  form  will  be  lost  from  the  want  of  the  association  of  delicacy ;  and  we  shall  feel  a 
discontent,  from  the  seeming  impropriety  of  giving  such  durable  substances  a  character  which  does 
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not  belong  to  them.  But  there  are  cases,  when  an  adventitious  delicacy  is  given  to  such  substances, 
by  which  the  character  is  retained,  by  the  form  by  which  we  have  associated  with  them  from  real 
nature.  This  effect  is  produced,  "  1st,  when  the  quantity  of  matter  is  so  small,  as  to  overcome  our 
opinion  of  its  strength  or  durability ;  and,  2dly,  when  the  workmanship  is  so  excellent,  as  to  produce 
an  opinion  of  fineness  or  delicacy,  independent  of  the  nature  of  the  subject  upon  which  it  is  employed." 
In  architecture,  it  is  observed,  the  great  constituent  parts  require  direct  and  angular  lines,  in  order 
to  convey  the  expression  of  stability  and  strength ;  and  that  no  ornament  can,  with  any  propriety, 
be  introduced,  excepting  in  the  minute  and  delicate  parts  of  the  work ;  and  even,  in  such  situations, 
if  those  ornaments  exceed  in  size  or  relief  that  proportion  in  point  of  delicacy  we  expect  them  to 
hold  with  respect  to  the  whole  of  the  building,  the  imitation  of  the  most  beautiful  vegetable  forms 
does  not  preserve  them  from  censure  of  clumsiness  and  deformity. 

12.  In  further  illustrating  this  subject,  it  is  strongly  urged,  that,  besides  the  curvilinear  form,  all 
those  which  are  expressive  of  delicacy  are  also  beautiful.     Such  as  the  glass  lustre,  which  is  all 
angular,  the  form  of  the  prism,  the  sword  hilt,  watch  chain,  and  the  forms  of  various  jewels ;  which, 
in  those  hard  substances,  arises  from  their  being  the  forms  in  which  there  is  the  smallest  possible 
quantities  of  matter,  being  capable  of  receiving  the  finest  polish,  and  producing  the  greatest  bril- 
liancy.    But  one  of  the  most  striking  instances  of  the  beauty  of  angular  forms  is  afforded  in  the 
ancient  tripods,  in  which  there  is  the  utmost  possible  diminution  of  solidity  that  is  consistent  with 
convenience  or  use  ;  and  by  its  shape  converging,  and  its  dimensions  lessening  as  they  descend  to 
the  ground,  there  is  scarcely  a  possibility  of  contriving  a  more  angular  form,  or  one  where  the 
slightness  and  apparent  instability  of  the  whole  fabric  can  be  more  expressive  of  delicacy;  and,  ac- 
cordingly, from  the  principles  of  this  delicate  model,  the  greater  part  of  the  most  beautiful  articles  of 
modern  furniture  are  imitated. 

13.  From  the  whole  of  this  investigation  respecting  the  beauty  of  natural  forms,  the  following 
conclusions  are  drawn : — 1.  "  That  the  beauty  of  such  forms  arises  from  the  qualities  of  fineness,  deli- 
cacy, or  ease  of  which  they  are  expressive.     2.  That  in  every  subject  (whether  angular  or  curvilinear) 
that  which  is  the  most  expressive  of  these  qualities,  is  the  most  beautiful  form.     And,  3.  That  in 
general,  the  curvilinear,  or  winding  form,  as  most  frequently  expressive  of  these  qualities,  is  the 
most  beautiful.     With  regard  also  to  those  arts  which  are  employed  in  the  imitation  or  invention  of 
ornamental  forms,  the  following  observations  may  not  be  without  their  use.     1.  That  wherever  natural 
forms  are  imitated,  those  will  be  the  most  beautiful  which  are  most  expressive  of  delicacy  and  ease. 
2.  That  wherever  new  or  arbitrary  forms  are  invented,  that  form  will  be  most  beautiful,  which  is 
composed  of  the  most  beautiful  lines  ;  or,  in  other  words,  by  lines  which  have  the  most  pleasing 
expression.     And,  3.  That  wherever  the  subject  of  the  form  is  of  a  hard  or  durable  nature,  that 
form  will  be  most  beautiful  in  which  the  smallest  quantity  of  matter  is  employed,  and  the  greatest 
delicacy  of  execution  exerted." 

14.  What  has  just  been  stated  relates  to  simple  forms  only,  or  to  such  as  are  described  by  a  sim- 
ple line.     But  as  in  the  greater  part  of  the  beautiful  forms  of  nature  or  art  lines  of  different  de- 
scriptions unite,  it  is  necessary  to  consider  the  composition  of  forms ;  and  in  doing  this,  it  is  observed, 
that  simple  forms  are  distinguished  to  the  eye  by  the  uniformity  or  similarity  of  the  line  by  which 
they  are  described.     Complex  forms,  by  the  mixture  of  similarity  and  dissimilarity  in  those  lines,  or, 
in  other  words,  by  their  uniformity  and  variety.     Great  pains  are  bestowed  to  make  out  distinctly, 
that  the  mere  composition  of  uniformity  and  variety,  or  similarity  and  dissimilarity  of  form,  is  not  in 
itself  beautiful,  but  only  where  the  objects  have  some  general  determinate  character  or  expression, 
and  where  there  is  a  relation  among  the  different  parts  of  this  general  character ;  that  different  pro- 
portions of  uniformity  and  variety  are  required  in  forms  of  different  character;  that  all  powerful 
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emotions,  and  all  emotions  bordering  upon  pain,  demand  uniformity  and  sameness ;  and  all  weak 
emotions,  and  all  emotions  which  belong  to  positive  pleasure,  demand  variety  or  novelty. 

15.  From  the  whole  of  the  discussions,  the  following  excellent  rules  are  laid  down. — 1.  "  That 
whenever  beautiful  form  is  intended,  some  character  or  expressive  form  should  be  selected,  as  the 
ground  or  subject  of  the  composition.     2.  That  the  variety  (whether  in  the  form,  the  number,  or  the 
proportion  of  the  parts)  should  be  adapted  to  the  peculiar  nature  of  this  expression,  or  of  that  emo- 
tion which  this  expression  is  fitted  to  excite.     3.  Forms  of  this  kind  are  either  simple  or  dependent. 
In  simple  or  independent  forms,  their  character  is  at  the  pleasure  of  the  artist;  and  that  will  always 
be  the  most  beautiful  in  which  the  character  is  best  preserved.     4.  In  dependent  forms,  on  the  con- 
trary, or  those  which  are  designed  for  particular  scenes  or  situations,  their  character  must  be  deter- 
mined by  that  of  the  scene  or  situation  ;  and  that  also  will  be  the  most  beautiful  form,  in  the  com- 
position of  which  the  alliance  to  the  general  character  is  most  precise  and  delicate." 

16.  Having  discussed  what  relates  to  simple  and  composed  forms,  or  what  constitutes  their  natu- 
ral beauty,  the  next  object  of  consideration  is  the  qualities  which  constitute  their  relative  beauty. 
From  the  discovery  of  fitness  or  utility,  we  infer  the  existence  of  design.     In  forms  distinguished  by 
such  qualities,  the  discovery  of  an  end  suggests  intention  or  design  ;  and  the  qualities  of  form,  which 
signify  this  fitness  or  usefulness,  are  signs  of  the  design  or  thought  which  produce  them.     But  ex- 
pression of  design  may  be  perceived  in  an  object  in  which  neither  fitness  nor  utility  are  to  be 
discovered:  this  is  evidence,  "that  there  are  certain  qualities  of  form  which  are  immediately  and 
permanently  expressive  to  us  of  those  qualities  of  mind,  and  which  derive  their  beauty  from  their 
expression." 

17.  The  natural  quality  most  powerfully  expressive  of  design  is  uniformity  or  regularity.     In 
every  form  where  this  quality  is  observed,  we  infer  design ;  and  from  the  absence  of  it,  we  consider 
the  production  the  work  of  chance.     Vegetable  forms,  which  approach  to  the  resemblance  of  animals ; 
minerals,  which  have  a  resemblance  to  vegetables  or  animals,  are  reckoned  curious,  but  are  never 
considered  as  possessing  that  beauty  which  excites  the  emotion  of  delight.     Uniformity  or  regular- 
ity in  rocks  and  mountains  is  considered  as  a  defect,  and  beheld  only  with  surprise.     Uniformity  and 
regularity,  therefore,  are  only  beautiful  when  associated  with  intention  or  design. 

18.  Uniformity  being  expressive  of  design,  and  variety  of  embellished  design,  the  beauty  of  forms 
will  be  most  perfect  when  these  two  are  duly  proportioned  ;  that  is,  "when  the  unity  of  design  is 
equal,  the  beauty  of  forms  will  be  in  proportion  to  their  embellishment ;  and  when  the  embellishment 
is  equal,  their  beauty  will  be  in  proportion  to  the  unity  of  design." 

19.  The  qualities  of  uniformity  and  variety  are  beautiful  from  the  expression  of  design.     They 
are  also  beautiful  from  the  effect  of  their  composition,  in  maintaining  and  promoting  the  emotion 
which  the  subject  itself  is  capable  of  exciting.     Their  composition  is,  in  some  cases,  beautiful,  from 
being  expressive  of  the  skill  of  the  artist,  and  of  others  from  being  correspondent  to  the  character 
or  expression  of  the  subject.     The  confounding  of  these  distinct  expressions  has  been  the  cause  of 
the  greater  part  of  the  mistakes  which  have  been  made  in  the  investigation  of  the  beauty  of  these 
qualities. 

20.  It  is  of  the  greatest  importance  that  the  artist  should  pay  attention  to  this  part  of  the  subject, 
because  it  is  in  his  power  either  to  sacrifice  the  beauty  of  design  to  that  of  character  or  expression,  or 
the  beauty  of  character  to  that  of  design.     He  ought  to  be  fully  aware  of  the  superiority  of  the  beauty 
of  character  or  expression,  in  producing  the  greater  or  more  affecting  emotions  over  that  of  design.    Also 
of  its  being  more  universally  felt,  being  only  dependent  on  our  sensibility,  while  that  of  design  can 
only  be  fully  felt  by  those  who  are  so  far  proficients  as  to  judge  of  skill,  &c. ;  and  likewise,  that  the 
beauty  of  character  or  expression,  by  depending  upon  invariable  principles  of  our  nature,  is  much 


434  APPENDIX  A ON  THE  PRINCIPLES  OF  ARCHITECTURE.  [PART  VIII. 

more  permanent  than  that  of  design,  which  is  influenced  by  every  period  of  the  art.  It  may  there- 
fore be  considered  a  first  or  fundamental  principle,  "  That  the  expression  of  design  should  be  subject 
to  the  expression  of  character ;  and  that  in  every  form,  the  proportion  of  uniformity  and  variety 
which  the  artist  should  study,  ought  to  be,  that  which  is  accommodated  to  the  nature  of  this  charac- 
ter, and  not  to  the  expression  of  his  own  dexterity  and  skill." 

21.  Fitness,  or  the  proper  adaptation  of  means  to  an  end,  is  another  source  of  the  relative  beauty 
of  forms.      In  every  profession,  all  machines,  instruments,  and  even  the  most  common  utensils, 
which  are  well-adapted  to  their  several  purposes,  are,  by  artists,  denominated  beautiful.     A  physi- 
cian talks  of  a  beautiful  theory  of  fevers,  a  surgeon  of  a  beautiful  instrument  for  operation,  an  anato- 
mist of  a  beautiful  subject  or  preparation ;  these  instances  show,  that  even  the  objects  which  are 
most  destitute  of  natural  beauty,  become  beautiful  when  they  are  regarded  only  in  the  light  of  their 
fitness.     Pleasing  or  agreeable  forms  receive  additional  beauty  from  being  wisely  adapted  to  some  end. 

**  The  beauty  of  proportion  affects  us  with  the  emotion  of  beauty,  not  from  any  original  capacity 
in  such  qualities  to  excite  this  emotion,  but  from  their  being  expressive  to  us  of  the  fitness  of  the 
parts  to  the  end  designed." 

What  we  feel  from  observing  an  object  which  is  well-proportioned,  is  not  the  mere  sensation  of 
pleasure  from  an  arrangement  of  parts,  but  an  agreeable  emotion  from  the  perception  of  the  proper 
disposition  of  these  parts  for  an  end  designed. 

In  most  familiar  cases,  this  quality  of  fitness  is  so  immediately  expressed  to  us  by  the  material 
form,  that  we  are  sensible  of  little  difference  between  such  judgments  and  the  mere  determination  of 
sense ;  but  where  the  object  is  not  so  familiar,  or  the  construction  is  intricate,  we  do  not  discover 
the  proportions  until  we  have  discovered  the  principle  of  the  machine,  or  the  means  by  which  the 
end  is  attained.  But  if  proportions  consisted  in  any  determined  relation,  discoverable  only  by  a 
peculiar  sense,  the  consideration  of  fitness  could  no  more  influence  our  opinions  than  any  other 
consideration. 

22.  "  Every  form  which  is  susceptible  of  proportion,  may  be  considered  in  either  one  or  other  of 
the  following  lights.     1st,  In  the  light  of  its  whole  or  general  relation  to  the  end  designed,  or  when 
it  is  considered  as  a  whole,  without  any  distinction  of  parts  ;  or,  2dly,  In  the  light  of  the  relation  of 
its  several  parts  to  this  end.     Thus,  in  the  case  of  a  machine,  we  may  sometimes  consider  it  in  the 
light  of  its  general  utility  for  the  end  it  is  destined  to  serve,  and  sometimes  in  the  light  of  the  pro- 
priety of  the  different  parts  for  the  attainment  of  the  end.     When  we  consider  it  in  the  first  light, 
it  is  its  fitness  which  we  properly  consider  ;  when  we  consider  it  in  the  second  light,  it  is  its  propor- 
tion we  consider.     Fitness  may  therefore  be  supposed  to  express  the  general  relation  of  propriety 
between  means  and  an  end  ;  and  proportion,  a  peculiar  or  subordinate  relation  of  this  kind,  viz.,  the 
proper  relation  of  parts  to  an  end.     Both  agree  in  expressing  the  relation  of  propriety  between  means 
and  their  ends.     Fitness  expresses  the  proper  relation  of  the  whole  of  the  means  to  the  end  ;  propor- 
tion, the  proper  relation  of  a  part  or  parts  to  their  ends." 

Forms  are  susceptible  of  as  many  determinate  proportions,  as  they  are  susceptible  of  parts  neces- 
sary for  the  end  for  which  they  are  intended.  If  they  have  any  more  parts,  these  are  not  suscep- 
tible of  any  accurate  proportions,  and  are  accordingly  constantly  varying ;  and  we  are  only  sensible 
of  the  proportion  of  forms,  as  we  become  acquainted  with  the  fitness  of  its  construction.  Of  a  new 
machine,  with  which  we  are  unacquainted,  we  cannot  decide  of  the  propriety  or  impropriety  of  its 
proportions.  The  more  extensive  our  knowledge  is  of  the  fitness  of  the  forms  for  their  several  ends, 
the  better  we  shall  be  qualified  to  judge  of  the  propriety  of  their  several  proportions ;  "  and  in  general 
it  may  be  observed,  that  the  certainty  of  proportion  is,  in  all  cases,  dependent  upon  the  certainty  of 
fitness.  1st,  When  this  fitness  is  absolutely  determined,  as  in  many  cases  of  mechanics,  the  propor- 
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tion  is  equally  determined.  2d,  Where  it  is  determined  only  by  experience,  the  opinion  of  the 
beauty  of  proportion  varies  with  the  progress  of  such  experience.  3d,  Where  this  fitness  cannot  be 
subjected  to  experience,  as  in  the  case  of  natural  forms,  the  common  proportion  is  generally  con- 
ceived to  be  fittest,  and  is  therefore  considered  as  the  most  beautiful." 

23.  In  following  the  author  through  the  foregoing  discussions,  we  have  merely  endeavoured  to  pre- 
serve the  connection  of  his  general  principles,  neglecting  most  of  his  beautiful  illustrations,  and 
avoiding,  as  much  as  possible,  the  numerous  application  of  his  principles  to  the  theory  and  practice 
of  the  other  fine  arts,  our  object  being  only  to  trace  what  was  necessary  to  determine  the  principles 
of  architecture.     We  presume  the  reader,  who  has  with  attention  accompanied  us  thus  far,  will 
already  have  discovered  more  rational  grounds  for  general  principles  than  has  been  furnished  by 
any  other  author.     We  are  now  to  proceed  to  consider  the  merits  of  his  application  of  the  foregoing 
principles  more  immediately  to  the  art  of  architecture. 

24.  After  remarking  that  former  writers  have  been  unanimous  in  considering  proportions  as  de- 
riving their  effects  from  the  original  constitution  of  our  nature, — and  that  they  have  endeavoured  to 
support  this  opinion  by  analogies  drawn  from  proportions  in  music  and  numbers, — and  remarking 
that  all  reasonings  from  such  analogies  are  too  futile  to  require  any  attention, — Mr.  Alison  proceeds 
to  show,  that  the  beauty  of  the  proportions  of  this  art  is  resolvable  into  the  principles  which  have 
been  established,  and  that  they  please  us  not  from  any  original  law  of  our  nature,  but  as  expressive 
of  fitness.     The  proportions  of  architecture  relate  either  to  its  external  or  internal  members.     The 
beauty  of  external  proportions,  we  are  informed,  arises  from  their  apparent  fitness  for  the  habitations 
of  men  when  viewed  from  without,  and  consists  in  stability  and  sufficiency  for  the  support  of  the 
roof;  walls  in  every  country,  in  the  same  period  of  time,  are  nearly  of  an  equal  thickness  for  their 
stability,  and  to  the  support  of  any  weight  laid  upon  them ;  and  when  their  distance  from  each  other 
is  suitable,  the  building  is  considered  as  well-proportioned ;  but  when  the  walls  are  so  thin  or  high, 
or  placed  at  so  great  a  distance  from  each  other,  as  to  appear  insecure  of  themselves,  or  insufficient 
to  support  the  roof,  that  building  is  reckoned  to  be  ill-proportioned.     Proportion  therefore,  in  those 
cases,  is  merely  fitness,  and  this  has  never  been  very  precisely  determined ;  we  are  here  guided 
entirely  by  experience,  and  our  sentiments  respecting  proportions  are  influenced  by  the  nature  of 
the  buildings,  and  the  materials  of  which  they  are  composed.     Edifices  constructed  with  wood  or 
brick,  admit  not  of  the  walls  being  equally  high  as  if  built  of  stone.     A  house  united  with  others, 
may  be  carried  higher  than  if  placed  alone.     A  tower  or  spire  having  only  itself  to  support,  may 
with  propriety  be  carried  to  a  much  greater  height  than  any  other  species  of  building.     These  prin- 
ciples are  all  that  seem  to  regulate  the  external  proportions  of  simple  buildings,  and  all  of  them 
obviously  depend  upon  fitness. 

25.  Having  discussed  what  relates  to  the  proportion  or  fitness  of  the  general  outlines  of  buildings, 
Mr.  Alison  proceeds  to  treat  of  the  orders  of  architecture,  and  to  show  that  their  proportions,  in- 
stead of  being  intrinsically  beautiful  of  themselves,  are  regulated  by  the  general  principles  which 
have  been  established  in  this  Essay,  and  derive  their  merit  solely  from  the  expressions  of  fitness  for 
their  several  purposes.     But  as  this  important  part  of  the  discussion  overthrows  established  opinions, 
which  have  a  peculiarly  strong  possession  of  the  minds  of  all  those  who  have  paid  attention  to  or  are 
engaged  in  architectural  pursuits,  we  shall  quote  the  precise  words  of  the  author : 

"It  is  not  in  such  (simple)  buildings,  accordingly,  that  any  very  accurate  external  proportions 
have  ever  been  settled.  This  is  peculiar  to  what  are  called  the  orders  of  architecture,  in  which  the 
whole  genius  of  the  art  has  been  displayed,  and  in  which  the  proportions  are  settled  with  a  certainty 
eo  absolute  as  to  forbid  almost  the  attempt  at  innovation. 

"  There  are  generally  said  to  be  five  orders  of  architecture,  viz.  the  Tuscan,  the  Doric,  the  Ionic, 
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the  Corinthian,  and  the  Composite.  These  are,  however,  properly  only  four,  and  some  writers  have 
farther  reduced  them  to  three.  What  constitutes  an  order  is  its  proportions,  not  its  ornaments. 
The  Composite  having  the  same  proportions  as  the  Corinthian,  though  very  different  in  respect  to 
its  ornaments,  is  properly,  therefore,  considered  a  corrupted  Corinthian. 

26.  "  Every  order  consists  of  three  great  parts,  or  divisions;  the  base,  the  column,  and  the  enta- 
blature ;  and  the  governing  proportions  relate  to  this  division.     The  whole  of  them  compose  the 
wall,  or  what  answers  to  the  wall  of  a  common  building,  and  supports  the  roof. 

"  There  is  one  great  difference,  however,  to  be  observed  between  a  common  wall,  and  that  assem- 
blage of  parts  which  constitute  an  order.  A  common  wall  is  intended  to  support  a  roof,  and  derives 
its  proportions,  in  a  great  measure,  from  this  destination.  To  an  order,  the  consideration  of  a  roof 
is  unnecessary ;  it  is  generally  so  contrived  as  not  to  appear :  the  weight  which  is  supported,  or 
appears  to  bo  supported,  in  an  order,  is  the  entablature.  The  fitness  of  a  wall  consists  in  appearing 
adequate  to  the  support  of  the  roof.  The  fitness  of  an  order,  or  of  the  proportions  of  an  order,  it 
should  seem  also  from  analogy  reasonable  to  conclude,  consists  in  their  appearing  adequate  to  the 
support  of  the  entablature,  or  the  weight  which  is  imposed  on  them. 

27.  "  That  this  is  really  the  case,  and  that  it  is  from  their  being  expressive  to  us  of  this  fitness, 
that  the  proportions  of  these  different  orders  appear  beautiful,  may  perhaps  seem  probable  from  the 
following  observations : 

"1st,  The  appearance  of  these  proportions  themselves  seems  very  naturally  to  lead  us  to  this  con- 
clusion. In  all  the  orders,  the  fitness  of  the  parts  to  the  support  of  the  peculiar  weight,  or  appear- 
ance of  weight  of  entablature,  is  apparent  to  every  person,  and  constitutes  an  undoubted  part  of  the 
pleasure  we  receive  from  them.  In  the  Tuscan,  where  the  entablature  is  heavier  than  in  the  rest, 
the  column  and  base  are  proportionably  stronger.  In  the  Corinthian,  where  the  entablature  is 
lightest,  the  column  and  base  are  proportionably  slighter.  In  the  Doric  and  Ionic,  which  are  between 
these  extremes,  the  forms  of  the  column  and  base  are,  in  the  same  manner,  proportioned  to  the  re- 
ciprocal weights  of  their  entablatures ;  being  neither  so  strong  as  the  one,  nor  so  slight  as  the  other. 
If  the  beauty  of  such  proportions  is  altogether  independent  of  fitness,  and  derived  from  the  immediate 
constitution  of  our  nature,  it  is  difficult  to  account  for  this  coincidence ;  and  as  the  beauty  of  fitness, 
in  these  several  cases,  is  universally  allowed,  it  is  altogether  unphilosophical  to  substitute  other 
causes  of  the  same  effect,  until  the  insufficiency  of  this  is  clearly  pointed  out. 

28.  "  2d,  The  language  of  mankind  upon  this  subject  seems  to  confirm  the  same  opinion.     When- 
ever we  either  speak  or  think  of  the  proportions  of  these  different  orders,  the  circumstances  of  weight 
and  support  enter  both  into  our  consideration  and  our  expression.     The  term  proportion,  in  its  gen- 
eral acceptation,  implies  them ;  and  if  this  term  is  not  used,  the  same  idea,  and  the  same  pleasure, 
may  be  communicated  by  terms  expressive  of  the  fitness  for  support  of  weight.     Heaviness  and 
slightness,  or  insufficiency,  are  the  terms  most  generally  used  to  express  a  deviation  on  either  side 
from  the  proper  relation ;  both  of  them  obviously  including  the  consideration  of  support,  and  express- 
ing the  want  of  proportion.     When  it  is  said  that  a  base,  or  column,  or  entablature,  is  dispropor- 
tioned,  it  is  the  same  thing  as  saying  that  this  part  is  unfitted  to  the  rest,  and  inadequate  to  the 
proper  end  of  the  building.     When  it  is  said,  on  the  other  hand,  that  all  the  several  parts  are  pro- 
perly adjusted  to  their  end,  that  the  base  appears  just  sufficient  for  the  support  of  the  column,  and 
both  for  that  of  the  entablature,  every  person  immediately  concludes  that  the  parts  are  perfectly 
proportioned ;  and  I  apprehend,  it  is  very  possible  to  give  a  man  a  very  perfect  conception  of  the 
beauty  of  these  proportions,  and  to  make  him  feel  it  in  the  strongest  manner,  without  ever  mention- 
ing to  him  the  name  of  proportion,  merely  by  explaining  them  to  him  under  the  consideration  of 
fitness;  and  by  showing  him,  from  example,  that  these  forms  are  the  most  proper  which  can  be 
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devised  for  the  end  to  which  they  are  destined.  If  our  perception  of  the  beauty  of  proportion,  in 
such  cases,  were  altogether  independent  of  any  such  considerations,  I  think  that  these  circumstances 
in  language  could  not  possibly  take  place,  and  that  it  would  be  as  possible  to  explain  the  nature  and 
beauty  of  proportions  by  terms  expressive  of  sound  or  colour,  as  by  terms  expressive  of  fitness  or 
propriety. 

29.  "  3d,  The  natural  sentiments  of  mankind  on  this  subject,  seem  to  have  a  different  progress 
from  what  they  could  naturally  have,  if  there  were  any  absolute  beauty  in  such  proportions  dis- 
coverable by  the  eye.     It  cannot  surely  be  imagined  that  an  infant  will  perceive,  or  does  perceive,  the 
beauty  of  such  proportions,  in  the  same  manner  as  he  perceives  the  object  of  any  other  external  sense. 
It  is  not  found  either,  that  the  generality  of  mankind,  even  when  come  to  mature  age,  express  any 
sense  of  the  absolute  beauty  of  such  objects.     It  is  true  indeed,  that,  very  early  in  life,  we  are 
sensible  of  disproportion  in  building ;  because  the  ideas  of  bulk  and  support  are  so  early  and  so 
necessarily  acquired ;  and  the  eye  is  so  soon  habituated  to  judge  of  weight  from  visible  figure,  that 
what  is  fit  for  the  support  of  weight  is  very  soon  generally  ascertained.     What  a  common  person, 
therefore,  expresses  upon  the  view  of  such  proportions,  is  rather  satisfaction  than  delight.     It  is  not 
the  proportions  which  most  affect  him ;  it  is  the  magnificence,  the  grandeur,  and  costliness,  which 
such  buildings  usually  display ;  and  though  he  is  much  pleased  with  such  expressions,  he  is  generally 
silent  with  regard  to  the  beauty  of  those  proportions  with  which  the  connoisseurs  are  so  much  enrap- 
tured.    If  proportion,  on  the  contrary,  were  something  absolutely  beautiful,  in  such  objects  the 
progress  of  taste  would  be  reversed ;  the  admiration  of  the  infant  would  be  given  to  those1  proportions, 
long  before  he  was  able  to  judge  of  their  fitness ;  and  the  satisfaction  which  arises  from  the  expres- 
sion of  fitness  would  be  the  last  ingredient  in  his  pleasure,  instead  of  being,  as  it  now  is,  the  first. 

30.  "  4th,  The  nature  of  these  proportions  themselves,  seems  very  strongly  to  indicate  their  de- 
pendence upon  the  expression  of  fitness.     The  beauty  of  such  forms  (on  the  supposition  of  their 
absolute  and  independent  beauty)  must  consist  either  in  their  beauty,   considered  as  individual 
objects,  or  in  their  relation  to  each  other.     If  the  effect  arises  from  the  nature  of  the  individual 
forms,  then  it  must  obviously  follow  that  such  forms  or  proportions  must  be  beautiful  in  all  cases. 
I  think,  however,  there  is  no  reason  to  believe  this  to  be  the  case ;  the  base  of  a  column,  for  instance, 
(taken  by  itself,  and  independent  of  its  ornaments,  which  in  this  inquiry  are  entirely  excluded  from 
consideration,)  is  not  a  more  beautiful  form  than  many  others  that  may  be  given  to  the  same  quality 
of  matter.     The  peculiar  form  which  its  proportions  give  to  it,  is  very  far  from  being  beautiful  in 
every  other  case,  as  would  necessarily  happen,  if  it  were  beautiful  in  itself,  and  independent  of  every 
expression.     A  plain  stone,  of  the  same  magnitude,  may  surely  be  carved  into  very  different  forms 
from  those  which  constitute  the  bases  of  many  of  the  orders,  and  may  still  be  beautiful.     In  the 
same  manner,  the  column  (considered  as  in  the  former  case,  nterely  in  relation  to  its  peculiar  form, 
and  independent  of  its  ornaments)  is  not  more  beautiful,  as  a  form,  and  perhaps  not  so  beautiful,  as 
many  other  forms  of  a  similar  kind.     The  trunk  of  many  trees,  the  mast  of  a  ship,  the  long  slender 
Gothic  column,  and  many  other  similar  objects,  are  to  the  full  as  beautiful,  when  considered  merely 
as  forms,  without  any  relation  to  end,  as  any  of  the  columns  in  Greek  architecture.     If,  on  the  con- 
trary, these  forms  were  beautiful  in  themselves,  and  as  individual  objects,  no  other  similar  forms 
could  be  equally  beautiful  but  such  as  had  the  same  proportions.     The  same  observations  will  apply 
equally  to  the  form  of  the  entablature.     It  would  appear,  therefore,  that  it  is  not  from  any  absolute 
beauty  in  these  forms,  considered  individually,  that  our  opinion  of  their  beauty  in  composition  arises. 
If  it  is  said,  on  the  other  hand,  that  the  beauty  of  proportion  in  such  cases  arises  in  relation  of  these 
parts,  and  that  there  is  something  in  the  relations  of  these  forms  and  magnitude  in  itself  beautiful, 
independent  of  any  consideration  of  fitness,  there  seem  to  be  equal  difficulties.     Besides  the  relation 
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of  fitness  for  the  support  of  the  weights,  the  only  relations  which  take  place  among  these  parts,  are  the 
relations  of  length  and  breadth,  and  the  relation  of  magnitude.  If  this  beauty  arises  from  the  rela- 
tion of  length,  it  is  necessary  to  show  that  such  a  proportion  of  these  parts,  in  point  of  length,  is 
solely  and  permanently  beautiful.  If  from  the  relation  of  breadth,  there  is  the  same  necessity  of 
showing  that  such  a  proportion  of  these  in  point  of  breadth  is  permanently  beautiful.  If  from  both 
together,  then  the  same  proportion  only  ought  to  be  felt  as  beautiful,  in  all  cases  to  which  the  rela- 
tions of  length  and  breadth  can  apply.  If,  again,  this  beauty  arise  from  the  relation  of  magnitude, 
it  is  necessary,  in  the  same  manner,  to  show  that  their  magnitudes  or  quantities  of  matter  have  in 
fact  no  other  beautiful  proportions  but  those  which  take  place  in  such  order ;  but  as  it  is  very 
obvious  that  there  is  no  foundation  for  supposing  there  is  any  such  law  in  our  nature,  and  that,  on 
the  contrary,  in  innumerable  cases  of  all  such  relations,  different  and  contrary  proportions  are  beau- 
tiful ;  it  cannot  be  supposed  that  such  proportions  are  absolutely  beautiful  from  any  of  these  relations. 
The  only  relation,  therefore,  that  remains  is  the  relation  of  fitness,  and  if  the  same  inquiry  is  carried 
on,  I  believe  it  will  soon  be  found  that  a  certain  proportion  of  parts  is  necessarily  demanded  by  this 
relation,  and  very  probably  also,  that  this  certain  proportion  is  in  fact  in  each  of  these  orders,  ac- 
cording to  the  particular  weight  or  bulk  given. 

31.  "  If  an  order  is  considered  as  an  assemblage  of  weight,  and  parts  to  support  that  weight,  our 
experience  immediately  leads  us  to  conceive  a  proper  relation  of  those  parts  to  their  end.     If  the 
entablature  be  considered  as  the  weight,  then  of  course  a  certain  form  and  size  in  the  column  is 
demanded  for  the  support  of  it,  and  in  the  base  for  the  support  of  both.     A  plain  stone,  for  instance, 
set  on  its  end,  has  no  proportion,  further  than  for  the  purpose  of  stability.     If  it  appears  firm,  it  has 
all  the  proportions  we  desire  or  demand ;  and  its  form  may  be  varied  in  a  thousand  ways,  without 
interfering  with  our  sense  of  its  proportions.     Place  a  column,  or  any  other  weight,  upon  this  stone, 
immediately  another  proportion  is  demanded,  viz.  its  proportion  to  the  support  of  this  weight.     The 
form  supported  has,  however,  no  proportion  further  than  is  necessary  for  its  stability.     It  may  be 
more  or  less  beautiful  in  point  of  form  from  other  considerations,  but  not  on  account  of  its  propor- 
tions.    Above  this  again  place  an  additional  body,  '  immediately  the  intermediate  form  demands  a 
new  proportion,  viz.  to  the  weight  it  supports;'  and  the  first,  or  base,  demands  also  another  propor- 
tion, in  consideration  of  the  additional  weight  which  is  thus  imposed  upon  it.     In  this  supposition, 
it  is  obvious  that  the  consideration  of  fitness  alone  leads  us  to  expect  a  certain  proportion  among 
each  of  these  parts.     The  parts  are  beautiful  or  pleasing  just  as  they  answer  to  this  demand ;  and 
where  the  parts  are  few  and  experiments  easy,  it -'seems  not  difficult  at  last  to  arrive  at  that  perfect 
proportion  which  satisfies  the  eye  as  sufficient  for  the  purposes  of  support  and  stability.     If  we  leave, 
therefore,  every  thing  else  out  of  consideration,  the  consideration  of  fitness  alone  seems  sufficient  to 
account  both  for  the  origin  of  such  proportions  in  architecture,  and  for  the  pleasure  which  attends 
the  observation  of  them." 

But  granting  that  the  doctrine  of  the  original  beauty  of  proportion  be  abandoned  as  inconsistent 
with  experience,  and  that  of  the  influence  of  the  expression  of  fitness  adopted,  yet  it  may  still  be 
doubted  if  this  is  sufficient  to  account  for  the  delight  felt  from  the  orders  of  architecture,  or  the 
uniform  adherence  to  the  established  proportions. 

32.  "  It  is  acknowledged  that  the  mere  consideration  of  fitness  is  insufficient  to  account  for  the 
pleasure  derived  from  the  established  orders.     But  it  is  observed  that  this  pleasure  arises  from  very 
different  causes  than  from  their  proportions;  and  that,  in  fact,  when  these  proportions  only  are 
considered,  the  pleasure  which  is  generally  felt  is  not  greater  than  that  which  we  experience,  when 
we  perceive  in  any  great  work  the  proper  relation  of  means  to  an  end. 

33.  "  The  proportions  of  these  orders,  it  is  to  be  remembered,  are  distinct  subjects  of  beauty,  from 
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the  ornaments  with  which  they  are  embellished,  from  tho  magnificence  with  which  they  are  executed, 
from  the  purposes  of  elegance  they  are  intended  to  serve,  or  the  scenes  of  grandeur  they  are  destined 
to  adorn.  It  is  in  such  scenes,  however,  and  with  such  additions,  that  we  are  accustomed  to  observe 
them ;  and  while  we  feel  the  effects  of  all  these  accidental  associations,  we  are  seldom  willing  to 
examine  what  are  the  causes  of  the  complex  emotion  we  feel,  and  readily  attribute  to  the  nature  of 
architecture  itself  the  whole  pleasure  which  we  enjoy.  But  besides  these,  there  are  other  associa- 
tions we  have  with  these  forms,  that  still  more  powerfully  serve  to  command  our  admiration,  for 
they  are  the  Grecian  orders  ;  they  derive  their  origin  from  those  times,  and  were  the  ornament  of 
those  countries  which  are  most  hallowed  in  our  imaginations ;  and  it  is  difficult  for  us  to  see  them, 
even  in  our  modern  copies,  without  feeling  them  to  operate  upon  our  minds  as  relics  of  those  polished 
nations  where  they  first  arose,  and  of  that  greater  people  by  whom  they  were  borrowed.  While  this 
species  of  architecture  is  attended  with  so  many  and  so  pleasing  associations,  it  is  difficult  for  even 
a  man  of  reflection  to  distinguish  between  the  different  sources  of  this  emotion ;  or  in  the  moments 
when  this  delight  is  felt,  to  ascertain  what  is  the  exact  proportion  of  his  pleasure,  which  is  to  be 
attributed  to  these  proportions  alone ;  and  two  different  causes  combine  to  lead  us  to  attribute  to  the 
style  of  architecture  itself,  the  beauty  which  arises  from  many  other  associations." 

In  the  first  place,  while  this  architecture  is  under  our  eye,  it  is  the  central  object  of  all  those 
associations,  it  is  the  material  sign  of  all  the  affecting  qualities,  and  disposes  us  to  attribute  to  the 
sign  the  effects  which  are  produced  by  the  qualities  signified.  And  even  these  very  proportions  are 
the  cause  of  our  pleasure,  because  they  are  the  only  qualities  of  the  object  which  are  accurately 
ascertained;  they  have  long  been  the  acknowledged  objects  of  beauty,  and  having  got  possession  of 
one  undoubted  principle,  we  are  easily  induced  to  ascribe  the  whole  effect  to  this  principle  alone. 

That  this  is  really  the  case,  will  appear  evident  by  considering  that  the  common  people  feel  a 
very  inferior  emotion  of  beauty  from  such  objects,  to  that  which  is  felt  by  men  of  liberal  education ; 
the  man  of  letters  feels  also  a  weaker  emotion  than  a  well-educated  architect,  because  he  has  none 
of  the  associations  which  belong  to  the  art,  and  never  considers  them  in  relation  to  the  skill  or  in- 
vention they  display.  Deprive  these  orders  of  the  customary  ornaments,  or  change  only,  in  the 
slightest  degree,  their  forms,  without  altering  their  proportions,  and  their  beauty  will  be  in  a  great 
measure  destroyed ;  or  preserve  the  ornaments,  forms,  and  proportions,  but  diminish  them  to  a  small 
scale,  and  their  effect  will  be  much  inferior  to  what  they  produce,  when  executed  on  the  magnificent 
scale  of  the  ancient  temples ;  or  destroy  the  associations  of  elegance,  magnificence,  costliness,  but, 
above  all,  of  antiquity ;  and  it  must  appear  evident,  that  the  pleasure  which  these  proportions  would 
afford,  would  not  be  greater  than  that  which  we  feel  in  other  cases,  when  means  are  properly  adapted 
to  their  end. 

In  regard  to  the  observation,  that  the  universal  adherence  of  mankind  to  these  proportions  is  a 
sufficient  proof  of  their  absolute  beauty,  it  is  necessary  to  remark  that  the  associations  of  antiquity 
alone,  have  a  powerful  effect  in  producing  uniformity  of  opinion ;  also,  that  in  the  productions  of 
human  labour,  the  influence  of  variety  is  limited  by  the  costliness  and  durability  of  the  materials 
upon  which  that  labour  is  employed ;  where  they  are  very  costly,  the  objects  have  great  intrinsic 
value,  independent  of  any  particular  form ;  and  the  same  form  is  therefore  adhered  to  with  little 
variation.  Even  in  dress,  it  is  in  the  parts  the  least  costly  that  the  most  frequent  changes  take 
place.  Architecture  is  of  all  the  fine  arts  the  most  costly ;  the  revenue  of  nations  is  scarcely  suffi- 
cient to  defray  the  expense  of  frequent  productions  of  its  most  magnificent  forms ;  and  the  art  itself, 
after  it  has  arrived  at  a  certain  necessary  degree  of  perfection,  remains  in  a  great  measure  stationary, 
both  from  the  infrequency  of  cases  in  which  invention  can  be  employed,  and  from  the  little  demand 
there  is  for  the  exercise  of  this  invention. 
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The  objects  upon  which  this  art  is  employed,  besides  being  costly,  are  also  very  durable.  Cen- 
turies must  probably  pass  before  they  are  renewed,  and  during  that  time  the  sacredness  of  antiquity 
is  acquired  by  the  subject  itself,  and  likewise  a  strong  motive  for  the  preservation  of  similar  forms. 

The  foregoing  observations  relate  wholly  to  the  external  parts  of  architecture.  It  is  therefore 
necessary  to  consider  whether  the  Internal  Proportions  are  guided  by  the  same  principles. 

34.  Internal  proportions  arise  from  the  disposition  of  length,  breadth,  and  height,  so  as  to  render 
an  apartment  pleasing  in  its  forms ;  and  certain  proportions  of  these  dimensions  have  been  held  as 
beautiful  in  themselves,  from  the  original  constitution  of  our  nature,  and  independent  of  any  expres- 
sion ;  but,  agreeably  to  the  principles  established  in  this  Essay,  the  beauty  of  their  proportion  arises 
from  the  expression  of  fitness. 

A  plain  wall  is  only  capable  of  that  proportion  of  height  which  is  necessary  for  the  expression  of 
strength  and  stability.  This  is  all  we  desire ;  it  is  also,  of  course,  applicable  to  four  walls  enclosing 
a  space.  But  add  a  roof  to  this  enclosure,  and  other  proportions  are  demanded,  in  consideration  of 
the  apparent  weight  which  is  to  be  supported.  If  the  walls  are  too  high,  they  seem  insufficient  for 
the  weight ;  if  too  low,  the  roof  appears  unnecessarily  heavy ;  and  if  the  length  is  too  great,  the 
weight  of  the  roof,  by  the  perspective,  appears  to  become  too  great  as  it  retires ;  if  the  breadth  is 
too  great,  there  is  an  apparent  insufficiency  created  by  the  too  great  distance  of  the  walls :  certain 
proportions,  therefore,  in  length,  breadth,  and  height,  fitted  for  the  full  and  easy  support  of  the  roof, 
are  required.  If  these  are  accomplished,  we  require  no  more ;  and  if  they  are  not  accomplished, 
every  person  is  sensible  of  the  defect.  It  therefore  follows,  that  these  proportions  are  beautiful, 
from  being  expressive  of  fitness.  The  real  beauty  of  the  internal  proportions  of  architecture  is  not, 
to  the  bulk  of  mankind,  greater  than  what  attends  the  expressions  of  fitness ;  it  is  satisfaction  rather 
than  positive  delight.  In  apartments  where  this  proportion  has  been  studied,  it  is  with  the  conve- 
nience, furniture,  decorations,  or  magnificence,  we  are  delighted.  With  the  mere  outlines  of  the 
best  proportioned  but  unfinished  room,  we  have  only  the  same  moderate  pleasure  which  we  receive 
from  observing  a  well-constructed  machine.  "  If,  therefore,  certain  proportions  are  demanded  in  a 
room  as  expressive  of  fitness,  and  if  the  emotion  that  is  produced  by  the  established  and  regular 
proportions  is  no  greater  than  that  which  we  receive  in  other  cases ;  from  the  expression  of  this 
quality,  it  seems  reasonable  to  think,  that  these  proportions  are  in  fact  beautiful,  from  the  expres- 
sions of  this  fitness."  The  common  language  of  men  confirms  these  statements  :  they  express  their 
sense  of  proportions  by  too  high  or  too  low,  by  being  heavy  or  light ;  and  in  explaining  to  them  the 
nature  of  internal  proportions,  we  should  do  it  by  pointing  out  that  the  walls  were  well  fitted  or 
adapted  to  support  the  weight;  or  that  they  were  too  high,  or  too  low,  or  too  distant,  or  that  the 
roof  was  heavy  or  light;  but  this  might,  and  most  probably  would,  all  be  done  without  even  mention- 
ing proportions,  but  referring  to  the  expressions  of  fitness. 

35.  The  progress  of  taste  is  also  decisive  upon  this  subject.     If  proportions  were  originally  beau- 
tiful, the  early  period  of  life  would  be  remarkable  for  the  discovery  of  them ;  but  every  one  is  sen- 
sible, that  it  is  only  after  we  have,  from  experience,  acquired  a  knowledge  of  the  relation  between 
weight  and  support  that  we  are  sensible  of  proportions.     If  there  were  any  absolute  and  independent 
beauty  in  forms,  every  violation  of  them  would  be  equally  painful ;  but  it  is  evident  that  this  is  not 
the  case :  too  great  a  height  or  length  in  any  apartment,  is  not  so  disagreeable  as  too  great  a  breadth, 
or  being  too  low.     No  uniform  emotion,  therefore,  attending  the  perception  of  these  proportions,  as 
would  necessarily  be  the  case  if  their  beauty  were  perceived  by  any  peculiar  sense,  and  the  emotions 
which  we  receive  from  them  being  different  according  to  their  different  expressions  of  fitness,  it  seems 
reasonable  to  ascribe  their  beauty  to  this  expression,  and  not  to  any  original  beauty  in  the  propor- 
tions themselves.     If  there  were  any  original  beauty  in  such  proportions,  they  would  be  as  certain 
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as  those  of  any  other  sense ;  there  would  be  one  precise  proportion  of  these  dimensions,  of  length, 
breadth,  and  height,  solely  and  permanently  beautiful.  But  no  artist  has  pretended  to  determine 
any  such  proportions ;  on  the  contrary,  there  is  no  permanent  beauty  in  any  one  relation  of  those 
dimensions ;  the  same  proportions  which  are  beautiful  in  one  apartment,  are  not  so  in  another. — 
There  appear  to  be  three  causes  for  the  difference  of  our  opinions  of  proportions :  1st,  From  the 
consideration  of  the  weight  supported.  As  roofs  are  usually  composed  of  timber,  and  supported  by 
walls,  the  necessary  dimensions  are  not  very  precisely  determined ;  and  they  may,  accordingly,  be 
varied  within  certain  limits.  These  limits  are  less  rigorous  in  the  case  of  length  or  height  than  in 
what  regards  breadth ;  for  the  same  proportion  of  breadth  which  is  beautiful  in  one  case,  would  be 
positively  disagreeable  in  another.  2d,  The  difference  of  opinion  arises  also  from  the  character  of 
the  apartment,  as  gaiety,  simplicity,  solemnity,  grandeur,  magnificence ;  for  no  room  is  beautiful 
which  has  not  some  expressive  character.  The  same  proportion  which  is  beautiful  in  a  room  of 
gaiety,  would  be  a  defect  in  one  whose  character  was  that  of  simplicity ;  the  same  proportions  which 
are  pleasing  in  an  elegant  or  convenient  room,  would  be  defective  in  an  apartment  of  magnificence 
and  splendour.  In  general,  the  great  and  positive  beauty  of  apartments  arises  from  their  character: 
thus  difference  of  character  requires  a  difference  in  the  composition  of  the  dimensions,  and  a  beautiful 
form  is  only  produced,  when  the  composition  of  different  proportions  is  such  as  to  produce  one  pure 
and  unmingled  expression.  3d,  A  third  cause  of  the  difference  of  our  opinions  of  the  beauty  of  pro- 
portions, arises  from  the  destination  of  the  apartment ;  and  this,  as  in  the  hall,  saloon,  antichamber, 
drawing-room,  dining-room,  library,  chapel,  &c.,  requires  different  proportions,  and  these  depend 
jointly  upon  utility  and  character. 

36.  The  observations  offered  on  the  beauty  of  the  internal  proportions  of  architecture,  afford  suffi- 
cient evidence  for  concluding,  in  general,  that  the  beauty  of  these  proportions  is  not  original  and 
independent,  but  that  it  arises  in  all  cases  from  the  expression  of  some  species  of  fitness.     The  fitness 
which  such  proportion  may  express  is  of  different  kinds  ;  as, 

"  1.  One  beauty  of  these  proportions  arises  from  their  expression  of  fitness  for  the  support  of  the 
weight  imposed. 

"  2.  A  second  source  of  their  beauty  consists  in  their  expression  of  fitness  for  the  preservation  of 
the  character  of  the  apartment. 

"  3.  A  third  source  of  their  beauty  consists  in  their  expression  of  fitness,  in  the  general  form,  for 
its  peculiar  purpose  or  end. 

"  The  two  first  constitute  the  permanent  beauty,  and  the  third  the  accidental  beauty  of  an  apart- 
ment, 

37.  "  The  most  perfect  beauty  that  the  proportions  of  an  apartment  can  exhibit,  will  be  when  all 
these  expressions  unite,  or  when  the  same  relations  of  dimensions  which  are  productive  of  the  expres- 
sions of  sufficiency,  agree  also  in  the  preservation  of  character,  and  in  the  indication  of  use." 

38.  Besides  the  expressions  that  have  now  been  considered  as  great  and  permanent  sources  of  the 
beauty  of  forms,  there  are  others  which  have  an  observable  effect  in  producing  the  same  emotion  in 
our  minds,  which  may  be  termed  accidental  beauty.     Associations  of  this  kind  arise  from  education, 
from  early  or  peculiar  habits  of  thought,  from  situation,  and  from  professions ;  and  the  beauty  they 
produce  is  felt  only  by  those  whom  similar  causes  have  led  to  the  formation  of  similar  associations. 
When  these  associations  are  common  to  many  individuals,  they  sometimes  become  superior  to  the 
more  permanent  principles  of  beauty,  and  may  for  a  time  determine  the  taste  of  nations. 

39.  The  succession  of  the  fashions  of  furniture  is  a  strong  instance  of  this.     Within  a  few  years, 
the  forms  copied  from  the  Chinese,  the  Gothic,  and  antique  styles,  have  succeeded  each  other ;  and 
each,  in  its  turn,  has  been  cultivated  with  equal  zeal  and  success.     With  the  first  were  associated 
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all  the  notions  of  eastern  magnificence ;  with  the  second,  the  adventures  and  gallantry  of  the  Gothic 
manners,  and  all  the  elegance  and  splendour  of  its  cathedrals ;  and,  with  the  third,  our  imaginations 
are  crowded  with  the  recollections  of  Grecian  and  Roman  taste. 

40.  From  the  whole  of  the  foregoing  discussions  and  illustrations,  the  following  conclusions  are 
drawn : 

"  That  the  principal  sources  of  the  beauty  of  forms  are,  1st,  The  expression  which  we  connect 
with  peculiar  forms,  either  from  the  form  itself,  or  the  nature  of  the  subject  formed.  2dly,  The 
qualities  of  design,  and  fitness,  and  utility,  which  they  indicate ;  and,  3dly,  The  accidental  associa- 
tions which  we  happen  to  connect  with  them. 

All  forms  are  either  ornamental  or  useful. 

I.  The  beauty  of  merely  ornamental  forms  appears  to  arise  from  three  sources : 

1.  The  expression  of  the  form  itself. 

2.  The  expression  of  design. 

3.  Accidental  expression. 

"  The  real  and  positive  beauty,  therefore,  of  every  ornamental  form,  will  be  in  proportion  to  the 
nature  and  the  permanence  of  the  expression  by  which  it  is  distinguished.  The  strongest  and  most 
permanent  emotion,  however,  we  can  receive  from  such  expressions,  is  that  which  arises  from  the 
nature  of  the  form  itself.  The  emotion  we  receive  from  the  expression  of  design,  is  neither  so  strong 
nor  so  permanent,  and  that  which  accidental  associations  produce,  perishes  often  with  the  year  which 
gave  it  birth.  The  beauty  of  accidental  expression  is  as  variable  as  the  caprice  or  fancy  of  mankind. 
The  beauty  of  expression  of  design  varies  with  every  period  of  the  art.  The  beauty  which  arises 
from  the  form  itself  is  alone  permanent,  as  founded  on  the  uniform  constitution  of  the  human  mind. 
Considering,  therefore,  the  beauty  of  forms,  as  constituted  by  the  degree  and  permanence  of  their 
expression,  the  following  conclusions  seem  immediately  to  suggest  themselves. 

1.  That  the  greatest  beauty  which  ornamental  forms  can  receive,  will  be  that  which  arises  from 
the  expression  of  the  form  itself. 

2.  That  the  next  will  be  that  which  arises  from  the  expression  of  design  or  skill.     And, 

3.  That  the  least  will  be  that  which  arises  from  accidental  or  temporary  expression. 

41.  In  all  those  arts,  therefore,  that  respect  the  beauty  of  form,  it  ought  to  be  the  unceasing 
study  of  the  artist  to  disengage  his  mind  from  the  accidental  associations  of  his  age,  as  well  as  the 
common  prejudices  of  his  art,  to  labour  to  distinguish  his  productions  by  that  pure  and  permanent 
expression,  which  may  be  felt  in  every  age,  and  to  disdain  to  borrow  a  transitory  fame,  by  yielding 
to  the  temporary  caprices  of  his  time,  or  by  exhibiting  only  the  display  of  his  own  dexterity  and 
skill." 

We  conceive  that  the  reader  who  has  attentively  considered  even  this  slight  sketch  of  Mr.  Alison's 
valuable  investigations,  will  agree  with  us,  that  the  true  principles  of  architecture  have  at  last  been 
distinctly  established ;  and  that  the  liberal-minded  artist  will  perceive  with  pleasure,  that,  instead  of 
being  left,  as  formerly,  entangled  in  uncertainty  and  confusion,  the  path  to  correct  practice  in  his 
profession  is  now  precisely  marked  out,  and  that  all  his  operations  are  guided  by  principles  as  in- 
variable as  the  constitution  of  the  human  mind. 

42.  From  the  principles  here  laid  down,  it  follows,  that  architecture,  as  well  as  sculpture  and 
painting,  is  perfectly  susceptible  of  distinct  expressions  of  character ;  that  this  character  may  and 
ought  to  accord  with  the  situation  and  purposes  for  which  the  edifice  is  destined ;  and  that  all  the 
component  parts  should  tend  to  promote  a  full  and  distinct  expression  of  the  general  character.     For 
can  any  thing  be  more  absurd  than  to  see  an  edifice  appropriated  to  the  sacred  purposes  of  divine 
worship,  composed  of  a  variety  of  trifling  parts,  disfigured  by  gaudy  decorations,  and  neither  exter- 
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nally  nor  internally  possessing  features  expressive  of  its  true  character ;  or,  to  see  what  is  too  fre- 
quently met  with  in  buildings  appropriated  to  the  most  ordinary  purposes  of  life,  puny  imitations  of 
those  forms  which  ought  only  to  be  introduced,  of  suitable  dimensions,  in  works  of  magnificence  and 
sublimity ;  or  to  find,  mixed  in  the  same  edifice,  forms  of  expression  so  opposite  as  to  distract  the 
mind  and  completely  destroy  the  intended  effect. 

43.  The  following  judicious  observations  of  Professor  Stewart  will  account  distinctly  for  the  in- 
congruities and  bad  taste  which  have  occasionally  overspread  every  country  in  every  school  of  archi- 
tecture, and  which  must  continue  to  be  the  case,  unless  mankind  will  benefit  by  the  errors  of  their 
predecessors,  and  be  contented  to  guide  their  conduct  upon  true  principles.  "  From  the  account 
which  has  been  given  of  the  natural  progress  of  taste,  in  separating  the  genuine  principles  of  beauty 
from  the  superfluous  and  offensive  concomitants,  it  is  evident  there  is  a  limit  beyond  which  the  love 
of  simplicity  cannot  be  carried ;  no  bounds  indeed  can  be  set  to  the  creations  of  genius ;  but  as  this 
quality  occurs  seldom  in  an  eminent  degree,  it  commonly  happens  that,  after  a  period  of  great  re- 
finement of  taste,  men  begin  to  gratify  their  love  of  variety,  by  adding  superfluous  circumstances 
to  the  finished  models  exhibited  by  their  predecessors,  or  by  making  other  trifling  alterations  on 
them,  with  a  view  of  merely  diversifying  the  effect.  These  additions  and  alterations,  indifferent 
perhaps,  or  even  in  some  degree  offensive  in  themselves,  acquire  soon  a  borrowed  beauty,  from  the 
connection  in  which  we  see  them,  or  from  the  influence  of  fashion;  the  same  cause  which  at  first 
produced  them  continues  perpetually  to  increase  their  number,  and  taste  returns  to  barbarism  by 
almost  the  same  steps  which  conducted  it  to  perfection." 

But,  instead  of  contemplating  the  prospect  of  degeneracy  in  architecture,  may  we  not  hope,  by 
the  general  dissemination  of  true  principles,  to  witness  a  progressive  improvement,  agreeably  to  the 
views  taken  by  the  same  able  and  profound  philosopher,  in  his  '  Philosophical  Essays?' — "  The 
history  of  taste  will  be  found  analogous  to  that  of  human  reason,  the  taste  of  each  successive  age 
being  formed  on  the  study  of  more  perfect  models  than  that  of  the  age  before  it,  and  leaving  in  its 
turn  to  after  times  a  more  elevated  ground-work  on  which  they  may  raise  their  own  superstructure. 
This  traditionary  taste  (imbibed  in  early  life,  partly  from  the  received  rules  of  critics,  and  partly 
from  the  study  of  approved  models  of  excellence)  is  all  that  the  bulk  of  men  aspire  to,  and  perhaps 
all  that  they  are  qualified  to  acquire.  But  it  is  the  province  of  a  leading  mind  to  outstrip  its  co- 
temporaries,  by  instituting  new  experiments  for  its  improvement ;  and  in  proportion  as  the  observa- 
tions and  experience  of  the  race  are  enlarged,  the  means  are  facilitated  of  accomplishing  such  com- 
binations with  success,  by  the  multiplication  of  those  selected  materials  out  of  which  they  are  to  be 
formed.  In  individuals  of  this  description,  taste  includes  genius  as  one  of  its  elements ;  as  genius, 
in  any  of  the  fine  arts,  necessarily  implies  a  certain  portion  of  taste.  In  both  cases,  precepts  and 
models,  although  of  inestimable  value,  leave  much  to  be  done  by  an  inventive  imagination.  In  the 
mind  of  a  man  who  feels  and  judges  for  himself,  a  large  proportion  of  the  rules  which  guide  his 
decisions  exist  only  in  his  own  understanding.  Many  of  them  he  never  thought  of  clothing  in  lan- 
guage even  to  himself,  and  some  of  them  would  certainly,  if  he  should  attempt  to  embody  them  in 
words,  elude  all  his  efforts  to  convey  their  import  to  others."  Such  are  the  views  we  indulge  of  the 
future  progress  of  all  human  attainments ;  and  as  the  habits  of  man  would  change  with  his  improved 
condition,  there  would,  in  every  succeeding  age,  be  still  sufficient  opportunities  for  the  ingenious 
architect  to  exercise  cultivated  taste  and  original  genius,  under  the  influence  of  the  same  unvarying 
and  unerring  principles. 
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APPENDIX    B. 

OF  CONCRETE,  ITS  QUALITIES,  AND  THE  MODE  OF  PREPARING  IT. 

THE  following  particulars  are  derived  from  the  Prize  Essay  by  Mr.  G.  Godwin,  published  in  the 
'  Transactions  of  the  Institute  of  British  Architects.' 

In  this  Essay  many  instances  are  brought  forward  of  the  employment,  by  the  ancients,  of  a  mix- 
ture analogous  to  concrete,  both  for  foundations  and  for  walls.  Several  cases  are  also  mentioned  in 
which  it  has,  of  late  years,  been  advantageously  used  for  foundations  by  some  of  the  most  distin- 
guished architects  and  civil  engineers. 

In  these  latter  instances,  the  proportions  vary  from  one  of  lime  and  two  of  gravel,  to  one  of  lime 
and  twelve  of  gravel ;  the  lime  being,  in  most  cases,  the  Dorking  lime ;  and  the  gravel,  Thames 
ballast.  But  the  most  common  proportions  are,  in  the  vicinity  of  London,  one  of  lime  to  seven 
ballast:  though,  from  experiments  made  at  the  building  of  the  Westminster  bridewell,  it  would 
appear  that  one  of  lime  to  eight  of  ballast  made  the  most  perfect  concretion. 

Concrete,  compounded  solely  of  lime  and  screened  stones,  will  never  assume  a  consistency  at  all 
equal  to  that  of  which  sand  forms  a  part.  The  north  wing  of  Buckingham  palace  affords  an  instance 
of  this.  It  was  first  erected  on  a  mass  of  concrete  composed  of  lime  and  stones ;  and  when  subse- 
quent alterations  made  it  necessary  to  take  down  the  building,  and  remove  the  foundation,  this  latter 
was  found  not  to  have  concreted  into  a  mass.  Mr.  Godwin  states,  as  the  result  of  several  experi- 
ments, that  two  parts  of  stones,  and  one  of  sand,  with  sufficient  lime,  (dependent  upon  the  quality 
of  the  material,  to  make  good  mortar  with  the  latter,)  formed  the  best  concrete.  As,  therefore,  the 
quality  of  the  concrete  depends  on  the  goodness  of  the  mortar  composed  of  the  lime  and  sand,  and 
as  this  must  vary  with  the  quality  of  the  lime,  no  fixed  proportions  can  of  course  be  laid  down  which 
will  suit  every  case.  The  proportions  must  be  determined  by  experiment,  but  in  no  case  should  the 
quantity  of  sand  be  less  than  double  that  of  the  lime.  The  best  mode  of  compounding  the  concrete, 
according  to  this  writer,  is  to  thoroughly  mix  the  lime,  previously  ground,  with  the  ballast  in  a  dry 
state,  sufficient  water  being  then  thrown  over  it  to  effect  a  perfect  mixture ;  it  should  be  turned  over 
at  least  twice  with  shovels,  and  wheeled  away  instantly  for  use.  In  some  cases,  where  a  great 
quantity  of  concrete  has  to  be  used,  it  has  been  found  advisable  to  employ  a  pug-mill  to  mix  the 
ingredients. 

With  regard  to  the  quantity  of  water  that  should  be  used  in  forming  concrete,  there  is  some 
difference  of  opinion ;  but  as  it  is  usually  desirable  that  the  mass  should  set  as  rapidly  as  possible,  it 
is  not  advisable  to  use  more  water  than  is  necessary  to  bring  about  a  perfect  mixture  of  the  ingre- 
dients. A  great  change  of  bulk  takes  place  in  the  ingredients  of  concrete  when  mixed  together. 
A  cubic  yard  of  ballast,  with  a  due  proportion  of  lime  and  water,  will  not  make  a  cubic  yard  of  con- 
crete. Mr.  Godwin,  from  several  experiments  made  with  the  Thames  ballast,  concludes  that  the 
diminution  is  about  one-fifth.  To  form  a  cubic  yard,  therefore,  of  concrete,  the  proportion  of  lime 
being  one-eighth  of  the  quantity  of  ballast,  it  requires  about  thirty  cubic  feet  of  ballast,  and  three 
and  three-quarters  cubic  feet  of  ground  lime,  with  sufficient  water,  to  effect  the  admixture. 


AND  THE  MODE  OF  PREPARING  IT. 


445 


Application  of  concrete  to  the  underpinning  of  buildings.  An  expansion  takes  place  in  the  concrete 
during  the  slaking  of  the  lime,  of  which  an  advantage  has  been  ingeniously  taken  by  Mr.  Taylor, 
civil  engineer  and  architect  to  the  Admiralty.  The  amount  of  this  expansion  has  been  found  to 
average  about  three-eighths  of  an  inch  to  every  foot  in  height ;  and  the  size,  thus  gained,  the  con- 
crete never  loses.  The  application  to  which  we  have  alluded  is  described  as  follows,  page  30  of  the 
Professional  Papers  of  the  Corps  of  Royal  Engineers : — 

One  of  the  large  storehouses  in  Chatham  dock-yard  having,  for  some  time,  exhibited  serious  defects 
in  its  walls,  Mr.  Taylor  was  directed  to  report  upon  the  best  means  of  correcting  the  evil. 

Upon  investigation,  the  foundation  of  the  storehouse — a  building  540  feet  in  length,  and  50  in 
breadth — was  found  to  be  in  a  very  bad  state,  in  consequence  of  the  decay  of  the  piles  and  sleepers 
on  which  it  had  been  originally  built ;  and  the  mode  of  underpinning  was  effected  as  described  below. 

Mr.  Hanger,  the  patentee  for  a  new  description  of  concrete,  that  is,  of  concrete  mixed  with  hst 
water,  undertook  to  carry  into  execution  Mr.  Taylor's  plan  with  this  material,  which  was  to  force 
the  soft  concrete  against  the  under  part  of  the  wall,  which  he  effected  in  the  following  manner: — 
The  walls  were  laid  open  to  their  bottom,  both  outside  and  inside  the  building,  and  the  heads  of  the 
piles  and  sleepers  were  removed  for  a  depth  of  about  four  feet  below  the  bottom  of  the  wall,  and  for 
lengths  of  about  five  feet  at  one  time.  A  mass  of  concrete,  composed  of  one-eighth  of  Haling  lime, 
(reduced  to  powder  by  grinding,  and  in  a  perfectly  caustic  state,)  and  seven-eighths  of  Thames  bal- 
last, mixed  up  with  so  much  boiling  water  as  to  reduce  the  whole  to  a  pasty  consistence,  was  thrown, 
from  a  height  of  about  fifteen  feet,  underneath  the  wall ;  it  was  allowed  to  project  about  a  foot  on 
each  side,  where  it  was  confined  by  planks,  and  after  being  roughly  levelled,  it  was  well  rammed, 
to  give  it  as  much  consistence  as  possible.  This  mass  was  raised  about  three  feet,  or  to  within  one 
foot  of  the  bottom  of  the  wall,  and  was  then  carefully  levelled  and  covered  with  half-inch  slates ;  a 
kind  of  frame-work  was  then  placed  on  the  slates,  consisting  of  two  cross  plates  of  iron  placed  per- 
pendicularly to  the  direction  of  the  wall,  about  one  foot  wide,  and  long  enough  to  project  about  one 
foot  on  each  side  the  wall.  To  these  were  fixed  two  frames,  parallel  to  the  wall,  about  four  feet 
long,  each  carrying  two  sockets  for  screws ;  within  these  frames  were  placed  two  moveable  planks, 
long  enough  to  pass  just  free  between  the  cross  plates,  and  wide  enough  to  fit  nearly  the  space  between 
the  slates  and  the  bottom  of  the  wall:  upon  these  planks  were  sockets  for  the  heads  of  the  two  screws 
by  which  the  planks  were  pushed  forward,  or  withdrawn,  at  pleasure.  See  the  annexed  diagrams : 
fig.  1  being  the  section  of  the  wall  and  concrete  foundation ;  fig.  2  plan  of  frame-work ;  fig.  3  eleva- 
tion of  cross-frame  and  socket  for  screws ;  and  fig.  4  showing  the  mode  of  fastening  the  head  of  the 
screw  to  the  board. 


Fig.  1. 


Fig.  3. 
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The  apparatus  being  arranged,  and  the  moveable  planks  ready  on  both  sides  of  the  vail,  about 
two  barrows-full  of  concrete,  mixed  as  already  described,  were  thrown  in  from  above ;  the  workmen 
below  then  commenced  turning  the  screws  on  each  side  simultaneously,  moving  the  two  planks  to- 
wards the  centre  of  the  wall,  and  forcing  the  concrete  before  them  into  all  the  vacant  spaces,  and 
against  the  bottom  of  the  wall.  When  the  planks  were  forced  as  far  as  they  could  go,  by  the  force 
of  two  men  to  each  screw,  the  concrete  was  allowed  to  rest  for  about  five  or  ten  minutes,  by  which 
time  it  had  set  hard  enough  to  stand  by  itself,  and  its  expansion  in  the  act  of  setting  completed  what 
the  action  of  the  screws  had  left  undone. 

The  planks  were  then  withdrawn,  another  charge  thrown  in  on  each  side,  and  compressed  as  before, 
and  this  was  continued  till  the  whole  space  between  the  frames  was  filled  with  concrete.  The  screws 
were  then  removed,  the  boards  and  frames  unbolted  and  taken  out;  and  lastly,  the  sides-plates  were 
withdrawn,  leaving  an  interval  of  about  three-quarters  of  an  inch  between  each  mass  of  concrete, 
which  space  was  afterwards  filled  in  with  grout. 

For  further  information  on  the  subject  of  concrete,  see  Vicat's  '  Practical  Treatise  on  Calcareous 
Mortars,  Cements,'  &c.,  translated  by  Captain  Smith. 
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APPENDIX    C. 

METHOD  OF  DETERMINING  WHETHER  A  STONE  WILL  RESIST  THE 

ACTION  OF  FROST. 

A  FEW  years  since  M.  Brard  communicated  to  the  Royal  Academy  of  Sciences,  in  Paris,  a  method 
of  determining,  by  a  few  prompt  and  easy  experiments,  whether  a  stone  to  be  used  for  building 
purposes  is  capable  of  resisting  the  destructive  action  of  moisture  and  frost.  We  are  indebted  for 
the  following  extracts  from  this  report  to  a  work  recently  published  by  Parker,  and  entitled  '  The 
Useful  Arts  employed  in  the  Construction  of  Dwelling-houses  :' — 

In  the  choice  of  a  stone  for  building  purposes,  it  is  of  the  utmost  importance  to  be  able  to  deter- 
mine, by  a  few  prompt  and  easy  experiments,  whether  the  proposed  stone  is  capable  of  resisting  the 
destructive  action  of  moisture  and  frost.  The  means  of  ascertaining  this  were  difficult  and  uncer- 
tain, until  M.  Brard,  several  years  ago,  communicated  his  method  to  the  Royal  Academy  of  Sciences 
at  Paris.  This  learned  body  having  appointed  a  committee  of  their  own  members  to  inquire  into 
the  merits  of  M.  Brard's  process,  and  to  make  a  report  thereon,  the  united  testimony  of  engineers, 
architects,  masons,  and  builders  from  different  parts  of  France  was  received,  and  proved  so  favour- 
able as  to  its  merits  and  simplicity,  that  the  committee  recommended  the  plan  to  public  notice  and 
general  adoption.  From  their  report  we  select  a  few  details  which,  hitherto,  we  believe,  have  not 
appeared  in  English. 

When  water  is  converted  into  ice,  an  increase  in  bulk  suddenly  takes  place  with  such  amazing 
force  that  it  appears  to  be  almost  irresistible.  This  is  the  force  which  cracks  our  water-bottles  and 
ewers ;  splits  asunder  the  trees  of  our  forests ;  and  destroys  some  of  the  stones  of  our  buildings. 
But  the  action  of  frost  upon  stone  is  very  gradual ;  it  is  confined  to  the  surface,  and  when  we  see  a 
layer  of  stone  separated  from  the  rock  or  the  building,  we  see  the  result  of  the  action  of  the  frost 
during  several  successive  winters,  whereby  the  fragment  is  gradually  thrust  out  of  its  perpendicular 
position,  and  at  length  falls.  This  natural  process  is  repeated  in  our  buildings:  we  rarely  see 
squared  stones  split  into  large  fragments  by  the  action  of  frost  except  there  be  a  cavity  of  some 
considerable  size,  in  which  a  quantity  of  water  can  be  collected.  The  usual  action  of  the  frost  is 
at  the  surface,  which  is  destroyed  by  the  chipping  off  small  fragments  in  consequence  of  the  adhesion 
of  the  materials  of  the  stone  being  partially  destroyed. 

All  stones  absorb  water  in  greater  or  less  quantities,  and  there  is  no  rock  that  does  not  contain 
some  humidity.  The  great  difference  between  stones  which  is  now  to  be  considered  is  in  their  power 
of  resisting  frost.  Stones  of  the  same  kind,  nay,  stones  from  different  parts  of  the  same  quarry,  are 
acted  upon  very  differently  by  frost ;  for,  while  one  stone  soon  begins  to  show  the  destructive  effects 
of  its  action,  another  remains  uninjured  during  many  centuries.  It  will,  therefore,  be  convenient  to 
call  those  stones,  of  whatever  kind,  which  withstand  the  action  of  frost,  resistant,  and  those  which 
yield  to  its  action,  non-resistant. 

M.  Brard's  first  idea,  in  order  to  test  these  resistant  properties  in  building-stones,  was,  to  saturate 
the  stone  with  water,  and  then  expose  it  to  cold  artificially  produced ;  but  this  was  found  to  be 
impracticable  on  a  large  scale,  and  the  freezing  mixtures  and  other  means  of  producing  cold  were 
liable  to  act  chemically  upon  the  stone,  and  thus  produce  other  effects  than  those  of  cold. 
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M.  Brard  was  then  led  to  compare  water  with  those  numerous  solutions  of  the  chemist,  which, 
under  certain  modes  of  treatment,  crystallize.  The  expansive  force  of  salts  in  crystallizing  is  very 
great,  and  he  saw  no  reason  why  water  should  not  be  regarded  as  a  crystalline  salt  similar  in 
its  nature  to  those  saline  bodies  which  effloresce  at  the  surfaces  of  stones,  and  in  time  destroy  them 
and  even  reduce  them  to  powder. 

He  therefore  tried,  in  a  very  large  number  of  experiments,  the  action  upon  building-stones  of 
solutions  of  nitre,  of  common  salt,  of  Epsom  salts,  of  carbonate  and  sulphate  of  soda,  of  alum  and 
of  sulphate  of  iron,  and  found  that  the  stones  cracked  and  chipped,  and  in  many  cases  behaved  pre- 
cisely in  the  same  way  as  when  under  the  influence  of  freezing  water.  In  the  course  of  these  trials, 
sulphate  of  soda  (Glauber's  salts)  was  found  to  be  the  most  energetic  and  active,  and  to  be  the  best 
exponent  of  the  action  of  freezing  water. 

In  order,  therefore,  to  determine  promptly  if  a  stone  be  resistant  or  non-resistant,  the  following 
process  was  adopted.  A  saturated  solution  of  sulphate  of  soda  was  made  in  cold  water ;  the  solution 
being  put  into  a  convenient  vessel,  the  stone  was  immersed,  and  the  solution  boiled  during  half  an 
hour:  the  stone  was  then  taken  out,  and  placed  in  a  plate  containing  a  little  of  the  solution.  It  was 
then  left  in  a  cool  apartment,  in  order  to  facilitate  the  efflorescence  of  the  salt  with  which  the  stone 
was  now  impregnated.  At  the  end  of  about  twenty-four  hours  the  stone  was  covered  with  a  snowy 
efflorescence,  and  the  liquid  had  disappeared  either  by  evaporation  or  by  absorption.  The  stone 
was  then  sprinkled  gently  with  cold  water  until  all  the  saline  particles  disappeared  from  the  surface. 
After  this  first  washing  the  surfaces  of  the  stone  were  covered  with  detached  grains,  scales,  and 
angular  fragments,  and  the  stone  being  one  that  was  easily  attacked  by  frost,  the  splitting  of  the 
surfaces  was  very  marked.  But  the  experiment  was  not  yet  terminated :  the  efflorescence  was  allowed 
to  form,  and  the  washing  was  repeated  many  times  during  five  or  six  days,  at  the  end  of  which  time 
the  bad  qualities  of  the  stone  became  fully  established.  The  stone  was  finally  washed  in  pure  water ; 
all  the  detached  parts  were  collected,  and  by  these  the  ultimate  action  of  the  frost  upon  the  stone 
was  estimated. 

The  behaviour  of  various  non-resistant  stones  under  this  process  was  remarkable.  Some  were 
found  to  have  deteriorated  in  the  course  of  the" third  day;  others  to  have  entirely  fallen  to  pieces  ; 
those  of  which  the  power  of  resistance  was  somewhat  greater,  held  out  till  the  fifth  or  sixth  day ; 
but  few  stones,  except  the  hard  granites,  compact  limestones,  and  white  marbles,  were  able  to  stand 
the  trial  during  thirty  consecutive  days.  For  all  useful  purposes,  however,  eight  days  suffice  to  test 
the  resistant  qualities  of  any  building-stone. 

The  explanation  of  this  process  is  very  easy.  The  boiling  solution  dilates  the  stone  and  penetrates 
it  to  a  certain  depth,  nearly  in  the  same  way  that  rain-water  by  long-continued  action  introduces 
itself  into  stones  exposed  to  the  severity  of  our  changeable  climate.  Pure  water  when  frozen  occu- 
pies a  greater  bulk  than  when  fluid,  and  the  pores  or  cellules  of  the  stone  not  being  able  to  accom- 
modate themselves  to  the  increased  bulk  of  the  water,  great  pressure  is  exerted  between  and  among 
them,  whereby  a  portion  of  the  water  is  driven  to  the  surface,  and  in  doing  so  rends  and  detaches 
small  portions  of  the  stone.  The  same  action  takes  place  with  the  saline  solution ;  it  is  introduced 
into  the  stone  in  a  fluid  state,  from  which  passing  into  the  solid  it  occupies  a  greater  bulk,  and  a  por- 
tion of  it  appears  at  the  surface.  The  repeated  washings  have  no  other  object  than  to  allow  the 
salt  to  exert  its  greatest  amount  of  destructive  action  upon  the  stone. 
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The  following  Table,  containing  the  results  of  experiments  on  the  resistance  of  different  stones 
to  a  crushing  force,  is  copied  from  the  first  volume  of  the  '  Transactions  of  the  Institute  of  Civil 
Engineers.'  The  experiments  were  made  with  a  12  inch  Bramah  press. 


Description  of  stone. 

Weight 
of  each 
specimen. 

Dimensions. 

Surface 
exposed 
to 
pressure. 

Pressure  required  to 
fracture  stone. 

Pressure  required  to 
crush  stone. 

Total 
to  each 
speci- 
men. 

Per  sup. 
inch 
of  sur- 
face. 

Aver- 
age per 
j-up. 
inch. 

Total 
to  each 
speci- 
men. 

Per  sup. 
inch 
of  sur- 
face. 

Aver- 
age per 
sup. 
inch. 

Lineal  inches. 

Ibs.    oz. 

ength   br.     d. 

Sup.  in. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

'Herm, 

6     6 

4,     4,     4 

16 

80.0 

5.00 

?4.77 

116.0 

7.23 

I  6.64 

( 

6    6 

4,     4,     4 

16 

72.5 

4.53 

) 

96.4 

6.03 

J 

Aberdeen,  (blue,) 

5    0 

4,     4i,  3 

17 

81.0 

4.76 

[4.13 

85.5 

5.03 

?4.64 

( 

5     li 

4,     4J,  3 

18 

63.0 

3.50 

> 

76.5 

4.25 

3 

Heytor,                            \ 

4    7 

4,     4,     3 

16 

67.5 

4.22 

[3.94 

103.5 

6.47 

?6.19 

. 

( 

4    8 

4,     4,     3 

16 

58.5 

3.66 

) 

94.5 

5.91 

) 

I 

'c  < 

Dartmoor,                        < 

4  10 

4,     4,     3 

16 

67.5 

4.22 

?3.52 

103.5 

647 

?5.43 

2 

i 

4    8 

4,     4,     3 

16 

45.0 

2.81 

> 

72.0 

4.50 

J 

O 

Peterhead,  (red,) 

5    5 

4J,  4,     3J 

18 

58.5 

3.25 

\  2.88 

94.5 

5.25 

[4.88 

1 

4  12 

41,  4,     3 

18 

45.0 

2.50 

i 

81.0 
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) 

Peterhead,  (blue  grey,)  5 

5    3J 

5    4 

4i,  4i,  3i 
41,  3J,  3J 

18.6 
17.5 

58.5 
45.0 

3.14 
2.57 

[2.86 

85.5 
72.0 

4.60 
4.11 

J436 

Penryn, 

5    7 

a  4 

4f,  4,    3 
4i,  4,     3i 

18.5 

18 

63.0 
31.5 

3.41 
1.75 

^2.58 

72.0 
54.0 

3.90 
3.00 

^345 

» 

Ravaccioni,                   \ 

a  10 

4i,  4,    3J 

18 

78.5 

4.35 

£3.55 

83.0 

4.61 

I  4.30 

• 
3  , 

I 

5    9 

4},  4,    3 

18 

49.5 

2.75 

J 

72.0 

4.00 

j 

1 

Veined,                           1 

5    6 

41,  4,     3 

18 

45.0 

2.50 

^2.21 

85.5 

4.75 

{4.13 

I 

a  9 

4J,  4,     3 

18 

31.5 

1.75 

> 

63.0 

3.50 

] 

"Yorkshire,  (Crom-          ( 
well  bottom,)              j 

12    8 

12  a 

51,  5,    5| 
51,  5,    5J 

27.5 
27.5 

81.0 
76.5 

2.95 
2.78 

[2.87 

121.5 
95.5 

4.42 
3.47 

J3.94 

J 
V 

Craigleith, 

11  10 

11    6 

5,    5,    51 
5,    5,    5J 

25 
25 

63.0 
31.5 

2.52 
1.26 

£  1.89 

85.5 
63.0 

3.42 
2.52 

|2.97 

.1  ' 

o 

Humbie,                         | 

17  10 

17    3 

6,    6,    6 
6,    6,    6 

36 
36 

72.0 
49.5 

2.00 
1.37 

jl.67 

81.0 
67.5 

2.25 
1.87 

J2.06 

Whitby,                          J 

16  10 
15  12 

6,    6,    6 
6,    6,    6 

36 
36 

36.0 
36.0 

1.00 
1.00 

jl.OO 

40.5 
36.0 

1.12 
1.00 

|l.06 

Valentia  slate,  laminae  vertical,* 

3,    3,    3 

9 

30.4 

3.38 

3.38 

47.6 

5.29 

5.29 

*  A  few  experiments  were  also  made  with  inch  cubes  of  this  slate,  placed  on  their  natural  bed,  the  results  of  which 
were  5.44  and  4.83  tons  respectively,  or,  on  the  average,  5.14  tons  per  square  inch  of  exposed  surface,  to  crush  the  stone. 
A  trial  on  a  similar  small  cube,  with  the  laminae  vertical,  gave  5.98  tons  as  the  corresponding  result.  The  specific 
gravity  of  Valentia  slate  appears  to  coincide  very  nearly  with  that  given  by  Kirwan  for  Welsh  slate. 

O  I. 
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AND  GREENSTONE  QUARRIES  IN  SCOTLAND.  451 

In  introducing  the  foregoing  table  Mr.  Carmichael  says:  "  Specimens  from  these  quarries  were  first 
carefully  weighed  in  air,  then  in  water,  and  thereafter  put  into  a  close  oven,  which  was  heated  to  about 
212°  Fahrenheit,  when  they  were  taken  out  and  reweighed  in  air  to  ascertain  how  much  each  had 
lost  by  evaporation,  or,  in  other  words,  how  much  each  would  be  acted  on  by  the  changes  of  the 
atmosphere,  which  will  be  found  to  correspond  pretty  nearly  with  the  variations  of  their  specific 
gravities.  Another  mode  of  ascertaining  the  quality  of  sandstone  is, — to  place  a  small  piece  in  a 
common  fire ;  if  the  stone  makes  a  crackling  noise,  or  flies  out,  it  is  bad  (too  porous),  and  will  not 
last,  while  such  as  do  not  so  are  generally  good.  And  on  examining  the  exposed  parts  of  old  build- 
ings, it  will  invariably  be  found  that  waved,  striated,  or  unequal  coloured  sandstone,  is  of  all  others 
the  least  durable  either  on  bed  or  side." 
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APPENDIX    G. 

ON    THE    STRENGTH    OF    MATERIALS    IN    GENERAL. 
[FROM  MAHAN'S  CIVIL  ENGINEERING.] 

THE  following  algebraical  expressions  are  given  by  writers  on  the  subject  of  the  strength  of 
materials,  to  determine  the  effect  of  a  given  weight  to  produce  either  rupture,  or  a  certain  flexure, 
when  the  direction  of  the  force  is  perpendicular  to  the  fibres  of  the  solid,  producing  what  is  termed 
a  transversal  or  cross  strain  :  — 
Representing  by 

W.  The  weight  applied. 
w.  The  weight  of  the  solid. 
/.  The  depression  caused  by  the  applied  weight. 
I.  The  length  of  the  solid  between  the  points  of  support. 
b.  The  breadth,  or  horizontal  thickness  of  the  solid. 
d.  The  depth,  or  vertical  thickness. 

The  following  expression  represents  the  relation  between  the  applied  weight  and  the  depression  ; 
or  what  is  termed  the  stiffness  of  the  solid  :  — 


W  +  |  w  =  E.  (1). 

from  which  expression,  there  results, 

E  =  (W  +  f  w)-  (2). 


or,  if  the  weight  of  the  solid  be  neglected, 

E  _  y?  __: —  ....  (3). 

The  quantity  E,  in  the  expressions  (2)  and  (3),  is  constant  for  the  same  material,  and  is  termed 
the  coefficient  of  elasticity.  It  represents  that  weight,  which  applied  on  a  unit  of  surface  of  a  solid  of 
a  given  length,  would  cause  an  extension  equal  to  the  length  of  the  solid,  supposing  it  to  be  perfectly 
elastic.  The  relations,  therefore,  shown  by  the  expressions  (2)  and  (3),  are  true  only  when  the 
depressions,  caused  by  the  applied  weight,  are  so  small  as  not  to  injure  the  elasticity  of  the  material. 

When  the  applied  weight  is  sufficiently  great  to  produce  rupture,  the  following  expressions,  in 
which  the  same  notation  is  followed  as  in  the  foregoing  formulae,  are  found  to  obtain — 

w  +  |  =  i 

from  which,      * 
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The  quantity  R,  in  the  expressions  (4)  and  (5),  is  constant  for  the  same  material,  and  is  deno- 
minated the  coefficient  of  tenacity,  or  rupture.  It  represents  the  weight  which,  applied  on  a  unit  of 
surface  of  a  given  material,  will  cause  rupture.  The  values  of  W  and  R,  obtained  from  the  formulae 
(4)  and  (5),  are  true  only  in  cases  where  the  depressions,  at  the  instant  of  rupture,  are  so  small  that 
they  may  be  neglected  in  calculation  ;  and  as  this  is  generally  the  case  in  all  practical  applications, 
these  expressions  may  be  used  in  all  such  cases. 

To  determine  the  value  of  the  constants  E  and  R,  direct  experiments  must  be  made  oh  each  kind 
of  material.  The  experiments  are  made  in  the  following  manner:  —  A  sample  of  the  material,  whose 
cross  section  is  rectangular,  is  placed  horizontally  on  two  props,  the  distance  between  which  is  re- 
presented by  the  quantity  I  ;  weights  are  applied  to  the  material  at  the  middle  point  between  the 
props,  and  the  depressions  of  the  middle  point  below  the  points  resting  on  the  props,  caused  by  each 
weight,  are  noted  until  rupture  takes  place.  To  determine  the  quantity  E,  the  weight  W,  which 
produces  a  very  slight  flexure  of  the  materials,  with  its  corresponding  depression  /,  are  substituted 
in  the  expressions  (2)  and  (3)  ;  and  to  obtain  R,  that  value  of  W,  which  in  the  experiment  causes 
rupture,  is  substituted  in  the  expression  (5).  Having  in  this  way  obtained  the  values  of  E  and  R, 
the  value  W  in  the  expressions  (1)  and  (4),  can  be  calculated  in  all  other  cases,  or  any  one  of  the 
quantities  found  in  terms  of  the  rest. 

When  the  weight,  instead  of  being  applied  at  the  middle  of  the  solid,  expression  (1),  is  equally 
distributed  throughout  its  length,  it  is  shown  both  by  calculation  and  experiment,  that  the  depression 
will  be  less  in  the  ratio  of  5  to  8  ;  or,  in  other  words,  that  f  W  placed  at  the  middle  of  the  solid, 
will  produce  the  same  depression  as  W,  equally  distributed  over  the  whole  length  between  the  props. 

When  the  solid,  instead  of  resting  on  two  props,  is  fixed  at  one  extremity,  and  a  weight  is  applied 
at  the  other,  it  is  found  that  the  depression  arising  from  this  weight,  is  to  that  caused  by  the  same 
weight  uniformly  distributed  throughout  the  solid,  in  the  ratio  of  8  to  3. 

With  regard  to  the  expression  (4),  it  is  found,  that  when  a  weight  is  uniformly  distributed  over 
the  solid,  the  same  effect  will  be  produced  as  if  half  that  weight  were  applied  at  the  middle  point. 

When  one  end  of  the  solid  is  fixed,  and  a  weight  is  applied  at  the  other  end,  the  expression  (4) 
becomes  — 

*  +  !=*£  ......      •    (6)- 

When  a  solid  is  maintained  in  a  vertical  position,  and  a  sufficient  weight  is  applied  at  the  top  to 
produce  flexure,  the  following  expressions  will  give  the  least  weight  under  which  the  solid  will  com- 
mence to  bend  :  — 


the  cross  section  of  the  solid  being  rectangular,  and  the  same  notation  being  adopted  as  in  the  pre- 
ceding expressions. 

If  the  cross  section  of  the  solid  is  a  circle,  the  radius  of  the  circle  being  represented  by  r,  the 
expression  for  the  least  weight  becomes  — 

W  =  E.          .....  .  -         (8). 


The  preceding  expressions  show  the  relations  between  the  weights  which  produce  either  rupture, 
or  a  certain  flexure,  and  the  dimensions  of  solids  of  the  forms  which  are  most  usually  met  with  in 
practice.  There  now  remains  to  be  found  the  values  of  the  constants  E  and  R  ;  and  to  assign  such 
limits  to  them  as  are  in  accordance  with  safety  in  practice. 
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In  the  following  Table  will  be  found  the  results  of  experiments  made  upon  timber  and  iron,  with 
the  values  of  E  and  R,  deduced  by  substituting  the  data  which  they  furnish  in  the  expressions  (2) 
and  (5),  without  taking  into  consideration  the  values  of  w,  which  enter  into  those  expressions,  as 
they  were  generally  so  small,  in  the  cases  considered,  as  not  sensibly  to  affect  the  result.  The  inch 
and  pound  avoirdupois  are  taken  as  the  units  of  measure  and  weight. 

TABLE  OF  THE  VALUES  OF  E,  DETERMINED  FROM  EXPERIMENTS. 


Material. 

Value  of  I. 

Value  of  6 

Value  of  d 

Value 
of  W. 

Value  of/ 

Value  of 
13. 

E  =  WTM3/. 

Authors  of 
Experiments. 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

Oak  (English) 
Oak  (Canadian) 
Pine  (American) 
Oak  (English) 
White  Spruce  (Canadian) 
White  Pine 
Black  Spruce 
Southern  Pine 
Cast-iron  (soft  gray) 
Same  (hard  and  brittle) 
Forged  Iron-  (French) 
Same  (Swedish) 
Same  (English) 

Indies. 

84 
84 
84 
30 
24 
85.2 
85.2 
85.2 
78 
36 
78.7 
36 
36 

Inches. 

a 

2 
2 

1 
I 
2.75 
2.75 
2.75 
1.5 
0.9 
1.18 
1 
1 

Inches. 
2 
2 
2 
1 
1 
5.55 
5.55 
5.55 
3 
0.9 
0.43 
1 
1 

Pounds. 
200 
225 
150 
137 
180 
777 
892 
1175 
440 
100 
22 
560 
560 

Inches. 

1.280 
1.080 
0.931 
0.5 
0.5 
0.177 
0.177 
0.177 
0.075 
010 
0.944 
0.30 
0.25 

'Pounds. 
1,450,000 
1,930,000 
1,492,000 
1,850,000 
1,244,000 
1,444,000 
1,658,000 
2,183,000 
17,190,000 
17,780,000 
30,090,000 
21,780,000 
26,120,000 

Barlow 

Tredgold. 

Lt.  Brown. 

Tredgold. 

Duleau. 
Barlow. 

From  these  values,  it  appears  that  the  following  may  be  taken  as  the  mean  value  of  E  :  for  oak, 
1,700,000  ;  for  pine,  1,400,000  ;  for  cast-iron,  17,500,000  ;  for  forged  iron,  26,000,000. 

Experiments  6,  7,  and  8,  were  made  on  American  timber  at  Fort  Adams,  Newport,  Rhode  Island, 
by  Lieutenant  Brown,  of  the  United  States  Corps  of  Engineers : 

TABLE  OF  THE  VALUES  OF  R,  DETERMINED  FROM  EXPERIMENTS. 


Material. 

Specific 
gravity. 

Value  of!. 

Value  of  b. 

Value  of  d. 

Value 
of  W. 

Value  of 

n       W      -3l 

11  -W    2W2. 

Inches. 

Inches. 

Inches. 

Pounds. 

1 

Oak  (English) 

.934 

84 

2 

2 

637 

10,030 

2 

Oak  (Canadian) 

.872 

84 

2 

2 

673 

10,600 

3 

White  Spruce  (American) 

.465 

24 

1 

1 

285 

10,260 

4 

White  Pine 

.455 

85.2 

2.75 

5.55 

5,189 

7,829 

5 

Black  Spruce 

.490 

85.2 

2.75 

5.55 

5,646 

8,518 

6 

Southern  Pine 

.872 

85.2 

2.75 

5.55 

9,237 

13,940 

7 

Cast-iron 

7.207 

36 

1 

1 

897 

48,400 

8 

Same 

7.207 

36 

1 

1 

800 

43,200 

From  this  Table  it  appears  that  the  following  mean  values  may  be  assigned  to  R:  oak,  10,000; 
spruce  and  pine,  8,800 ;  cast-iron,  46,000. 


Practical  deductions  respecting  the  Strength  of  Materials. 

From  the  foregoing  formulae,  and  from  the  Tables  deduced  from  them,  the  laws  which  regulate 
the  resistance  of  materials  to  flexure  and  rupture,  caused  by  a  cross  strain,  may  be  easily  ascertained ; 
but  the  values  obtained  from  these  expressions  require  to  be  modified  in  practice,  as  the  materials 
used  in  structures  of  every  character  must  not  only  be  strong  enough  to  resist  any  effort  whose  action 
for  a  short  time  would  cause  rupture,  but  they  must  also  be  secure  from  the  effects  of  permanent  or 
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frequent  repetition  of  such  action,  and  the  alterations  to  which  they  may  be  subjected  from  accidents 
or  the  effects  of  time.  To  ascertain  the  effects  produced  by  these  several  causes  of  change,  resort 
must  be  had  to  data  furnished  by  practice  ;  and  none  can  be  relied  upon  with  more  security  than 
those  which  are  obtained  by  an  examination  of  structures  which  have  already  withstood  the  test  of 
time. 

The  main  point  to  be  determined  in  all  cases,  is  the  effort  to  which  a  material  may  be  exposed 
without  injury  to  its  elasticity;  for  if  this  be  impaired  in  ever  so  slight  a  degree,  the  physical  con- 
stitution of  the  material  will  be  virtually  destroyed,  and  it  can  no  longer  oppose  that  reaction  on 
which  security  depends. 

The  following  results,  drawn  from  experience,  will  serve  to  regulate  this  limit : — 

Resistance  of  Stone  to  Rupture. 

The  principal  results,  drawn  from  the  experiments  of  this  material,  have  already  been  given.  The 
following  Table,  showing  the  weight  on  a  superficial  foot  in  some  of  the  most  remarkable  structures 
iii  the  world  for  boldness  of  design,  will  furnish  some  additional  facts  of  importance  : — 


Pillars  of  the  dome  of  St.  Peter's  (Rome) 
Pillars  of  the  dome  of  St.  Paul's  (London)  . 

Pillars  of  the  dome  of  St.  Genevieve  (Part's) 
Pillars  of  the  church  of  Toussaint  (Angers') 
Lower  courses  of  the  piers  of  the  Bridge  of  Neuilly 


33,330  Ibs. 
39,450  — 
60,000  — 
90,000  — 
3,600  — 


From  experiments  made  on  small  cubes  of  the  stone  of  which  these  structures  are  built,  the  base 
of  the  cube  being  nearly  four  superficial  inches,  the  following  results  were  obtained : — 

The  stone  used  in  St.  Peter's  is  a  calcareous  tufa  called  Travertin;  it  is  crushed  by  about  536,000 
pounds  on  the  square  foot. 

St.  Paul's  is  built  of  a  limestone,  known  to  mineralogists  as  Oolite,  and  to  builders  as  Portland  stone  , 
it  crushes  under  a  weight  of  537,000  pounds  on  the  square  foot. 

St.  Genevieve  is  built  of  a  limestone  which  crushes  under  a  weight  of  456,000  pounds  on  the 
square  foot. 

The  church  of  Toussaint  is  built  of  a  very  hard  shell  limestone  of  a  reddish  colour,  which  crushes 
under  a  weight  of  900,000  pounds  on  the  square  foot. 

The  bridge  of  Neuilly  is  built  of  a  limestone  which  crushes  under  570,000  pounds  on  the  square 
foot. 


Resistance  of  Timber  to  rupture  by  extension  or  compression. 

The  general  results  of  the  strength  of  wood  have  already  been  given ;  from  existing  structures,  it 
appears  that  security  will  be  attained  by  limiting  the  weight  borne  to  one-fifth  of  that  which  would 
cause  rupture  by  compression.  Although  the  elasticity  of  timber  is  said  not  to  be  affected  by  a  force 
which  is  between  one-fourth  and  one-third  of  that  which  causes  rupture,  still  it  is  prudent  not  to 
submit  it  to  so  great  a  permanent  strain. 

To  determine  the  limits  of  the  cross  strain  to  which  timber  can  be  submitted  with  safety,  it  should 
be  borne  in  mind,  that  the  degree  of  flexure  caused  by  the  strain  must  not  impair -the  elasticity  of 
the  fibres,  so  that  when  the  strain  is  taken  off  the  piece  may  regain  its  natural  form.  There  are  no 
special  experiments  from  which  this  limit  can  be  ascertained  j  but,  from  an  examination  of  existing 
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structures,  it  seems  that  timber  may  be  exposed  with  entire  safety  to  a  cross  strain  equal  to  one- 
tenth  of  that  which  would  cause  rupture.  In  applying  therefore  the  expressions  (4)  and  (6)  to  given 
cases,  a  value  R'  must  be  substituted  for  R,  equal  to  one-tenth  of  that  which  is  contained  in  the 
Tables ;  this  value  for  oak,  for  example,  would  be  1000. 

As  the  value  of  E  for  oak  is  1,700,000  pounds,  the  elongation  or  compression  of  the  fibres  arising 
from  a  value  of  R  1000  pounds,  will  be  jj^  or  nearly  0.0006,  which  may,  therefore,  be  taken  as 
the  greatest  that  will  admit  of  perfect  security. 

When  a  vertical  beam  is  pressed  by  a  force  at  top,  it  has  been  ascertained  by  experiments, 
that  if  the  length  is  greater  than  8  or  10  times  the  thickness,  rupture  will  take  place  by  the  bending 
of  the  beam ;  and  that  when  the  length  is  less  than  8  times  the  thickness,  the  beam  will  yield  by 
crushing.  To  determine  the  limits  of  the  strain  in  this  case,  the  expressions  (7)  and  (8),  which 
show  the  least  weight  that  will  cause  flexure  under  these  circumstances,  must  be  used ;  but  from  a 
comparison  of  the  values  furnished  by  these  expressions,  and  those  determined  by  experiments,  it 
appears  that  the  latter  will  be  greater  than  the  former,  in  all  cases  where  the  length  is  less  than  20 
times  the  thickness :  therefore,  in  all  cases  where  the  length  is  less  than  20  times  the  thickness,  the 
weight  to  be  borne  will  be  estimated  from  that  by  which  rupture  is  caused  by  crushing  the  fibres. 
But  as  any  slight  lateral  strain  in  addition  to  this  would  cause  the  beam  to  give  way,  this  weight 
must  be  farther  reduced,  depending  on  the  length  of  the  beam. 

The  experiments  made  to  ascertain  this  reduction  indicate  that,  for  wood,  the  weight  borne  should 
be  reduced  to  the  four-fifths,  when  the  length  is  equal  to  12  times  the  thickness ;  and  to  one-half 
when  it  is  24  times  the  thickness. 

For  cast-iron,  the  weight  should  be  reduced  to  the  two-thirds,  when  the  length  is  4  times  the 
thickness;  to  about  the  one-half,  when  it  is  8  times  the  thickness;  and  to  the  one-fifteenth,  when  it 
is  36  times  the  thickness. 

For  forged  iron,  the  weight  should  be  reduced  to  the  five-eighths,  when  the  weight  is  12  times  the 
thickness ;  and  to  one-half,  when  it  is  24  times  the  thickness. 

The  following  are  the  medium  crushing  weights  for  a  square  inch  of  each  of  these  materials,  when 
the  length  is  once  or  twice  the  thickness.* 


Oak  and  Pine 
Forged  Iron 
Cast-iron 


4,000  Ibs. 

60,000  — 

140,000  — 


Having  thus  ascertained  the  reduction  of  the  crushing  weight  required  by  the  length,  or  of  that 
given  by  the  expressions  (7)  and  (8),  the  total  permanent  weight  borne  should  be  only  about  one- 
tenth  of  this  for  wood,  and  between  one-fourth  and  one-fifth  for  forged  or  for  cast-iron. 

"The  rule  that  is  generally  followed  by  practical  men,"  says  Millington,  "for  determining  the 
necessary  strength  and  dimensions  of  a  pillar  or  vertical  support,  is  to  take  such  of  the  experiments  as 
have  been  before  detailed  as  may  suit  the  case,  and  to  multiply  the  result  given  until  it  reaches  the 
sought-for  power,  and  then  to  take  only  one-fourth  or  one-fifth  of  that  quantity  to  work  upon.  Thus 
if  a  single  square  inch  of  brick  is  capable  of  supporting  562  Ibs.,  two  inches  should  support  twice 
that  weight,  or  1124  Ibs.,  and  ten  inches  should  support  5620  Ibs.,  and  so  on ;  but  instead  of  trusting 
the  ten  inches  of  brick  to  bear  the  5620  Ibs.,  only  one-fourth  or  one-fifth  of  that  load  should  be 
placed  upon  it ;  or  if  the  whole  load  must  be  carried,  the  surface  of  brickwork  should  be  extended  to 
four  or  five  times  ten  inches.  This  has  always  been  deemed  a  safe  rule,  because  it  is  merely  making 

*  See  Philosophical  Transactions  for  1818. 
3   M 
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the  strength  to  increase  as  the  area,  and  then  only  using  about  a  quarter  of  the  strength  given  by 
the  trial.  The  reason  for  making  so  large  a  deduction  is  twofold ;  first  to  guard  against  imperfect 
workmanship,  and  secondly  against  natural  decay.  By  imperfect  workmanship  is  meant  the  almost 
impossibility,  in  practice,  of  getting  heavy  beams  or  pieces  of  stone  to  bear  equally  upon  every  part 
of  the  surface  that  is  prepared  to  support  them,  arising  from  the  difficulty  in  moving  and  placing 
heavy  bodies,  or  from  the  support  settling  or  sinking  to  a  greater  distance  than  was  contemplated,  in 
consequence  of  receiving  the  new  load,  or  its  settling  unequally  in  different  parts.  Thus  a  pier  of 
brickwork  containing  180  square  inches  of  surface,  might  be  built  to  support  a  burden  of  many  thou- 
sand pounds,  which  it  would  be  fully  competent  to  bear,  provided  the  weight  was  equally  distributed 
over  the  whole  surface.  But  in  placing  it,  it  might  happen  that  the  whole  would  rest  upon  three  or 
four  square  inches,  which,  being  incompetent  to  the  load,  would  fail,  and  transfer  it  to  another  small 
part  equally  incompetent  to  bear  it,  and  thus  the  whole  might  fail." 

Resistance  of  Forged  Iron  to  a  longitudinal  extension,  and  to  a  cross  strain. 

This  material  may  be  exposed  to  a  permanent  longitudinal  strain,  between  1  and  J  of  that 
which  would  cause  rupture. 

When  submitted  to  a  cross  strain,  a  value  for  R,  equal  to  i  of  that  determined  from  experiments, 
or  15,000  pounds  must  be  substituted  in  the  expressions  (4)  and  (6).  Comparing  this  with  the  value 
of  E  furnished  by  the  Table,  it  will  appear  that  forged  iron  may  be  submitted  with  safety  to  a  force 
which  would  produce  an  elongation  of  the  fibre,  equal  to  yoVo'O'  or  0.0005.* 

Resistance  of  Cast-iron  to  a  cross  strain. 

The  value  of  R  contained  in  the  Table  for  this  material  is  46,000  pounds,  and  that  for  E  is 
17,500,000. 

Cast-iron  may  be  submitted  with  safety  to  a  strain  equal  to  i  of  that  which  causes  rupture.  It 
will  therefore  be  necessary  to  substitute  11,500  for  R  in  the  expressions  (4)  and  (6).  Comparing 
this  reduced  value  with  that  of  E,  it  appears  that  the  fibres  can  bear  with  safety  an  elongation  equal 
to  0.00065. 

With  regard  to  the  expression  (1),  it  is  usually  applied  to  find  the  weight  which  will  cause  a  given 
deflection  when  the  dimensions  of  the  solid  are  given.  If,  for  example,  it  be  required  to  find  the 
weight  that  will  cause  a  deflection  of  J0  of  an  inch  for  every  foot  in  length  of  the  solid,  which  would 

be  equivalent  to  f^  of  an  inch  for  every  inch  in  length,  it  would  only  be  necessary  to  substitute  j^ 

for  f  in  the  given  expression,  which  would  then  reduce  to 

I 

W  +  |  w  =  E. 


W  +  |  to  =  E. 

*  This  relation  between  the  coefficient  of  elasticity  and  of  strength  is  very  equivocal :  being  founded  on  a  supposed 
permanent  situation  in  the  section  of  fracture  of  the  neutral  axis.  In  the  present  instance,  it  may  be  observed,  that 
malleable  iron  may  be  extended  by  T^njth  Part>  without  destroying  its  restoring  or  elastic  force. 
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The  formula  would  undergo  a  similar  modification  for  any  other  given  deflection. 

In  these  and  similar  deductions  relating  to  the  strength  of  materials  —  as  well  as  in  the  formulae 
contained  in  the  following  Note  [H]  —  the  weight  of  the  material  itself  is  generally  very  inconsider- 
able, in  comparison  with  the  load  it  has  to  bear  ;  we  may,  therefore,  in  all  cases  omit  the  quantity 
denoted  by  w,  whereby  the  two  fundamental  formulae  become 

;3  Q7 


The  particular  multipliers  here  employed  by  the  author,  viz.,  J  and  J  are  supposed  to  be  depen- 
dent. Their  connection,  however,  rests  upon  an  assumption  by  no  means  borne  out  by  experiment,  viz., 
a  permanent  position  of  what  is  denominated  the  neutral  axis,  that  is,  of  the  line  about  which  the 
solid  turns  when  exposed  to  a  transverse  strain.  For  this  reason  it  is  much  better  to  consider  these 
expressions  as  being  independent  of  each  other  :  in  which  case  the  particular  multiplier  employed  in 
either  or  both  expressions  may  be  used  at  pleasure  ;  the  value  of  E  and  R  being,  of  course,  varied 
accordingly.  In  Barlow's  '  Treatise  on  the  Strength  of  Materials  '  these  multipliers  become  unity  for 
the  case  of  a  beam  when  fixed  in  a  wall,  and  loaded  with  a  weight  at  its  other  extremity  ;  that  is, 
under  such  circumstances  the  formulae  are 


n        =  ; 

and  when  supported  at  each  end,  and  loaded  in  the  middle, 


32  bcPf  IbcP' 

and  so  on  for  other  kinds  of  strains.  Consequently,  the  values  of  E  and  R,  for  the  same  materials, 
are  differently  valued  in  that  work  and  the  present,  but  the  results  in  any  calculation  will,  notwith- 
standing, be  precisely  the  same, — the  tabular  values  of  E  and  R  being  altered  by  the  author  to 
accommodate  them  to  the  particular  coefficients  he  has  employed. 

This  being  explained,  the  application  of  the  formulae  for  the  several  cases  will  be  found  very  sim- 
ple. Thus,  for  example,  the  tabular  values  of  E  being,  for  oak,  1,450,000,  let  it  be  required  to  de- 
termine the  deflection  that  would  be  produced  in  a  bar  of  this  material,  resting  on  supports  at  the 
distance  of  100  inches,  and  loaded  in  the  middle  with  100  Ibs. — the  bar  being  2  inches  square, 


Here,  since  E  =  W 

4  bcP 
it  follows  that/  =E  -% — 

*     ,         92,800,000 

or/=  100,000,000 

that  is,  the  bar  will  be  deflected  -928  of  an  inch.     As  another  example,  the  coefficient  of  strength  of 
the  same  bar  being  by  the  table,  (article  69,  2d  table,)  R  =  10,030,  let  it  be  required  to  find  the 
weight  that  would  just  break  it — supported  and  loaded  as  in  the  preceding  case: 
Here  formulae  (4),  rejecting  w,  is 

2bcP 


=  R 


31 


It  is  unnecessary  to  give  any  other  illustrative  examples,  as  no  difficulty  can  be  experienced  in 
submitting  the  formulae  of  the  author  to  calculation  ;  but  the  following  more  extensive  tables  of  the 
values  of  E  and  R  may  not  be  unacceptable  to  the  reader. 


4GO 
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TABLE  OF  THE  COEFFICIENTS  OF  ELASTICITY  AND  STRENGTH  OF  DIFFERENT  WOODS 


No. 

Name  of  Materials. 

Specific 
Gravity. 

Value  of 
P      w      l3 

Value  of 
R       W-2i- 

v     4M3/ 

B-^  w  ttttt 

I 

Teak,  East  India, 

•745 

2,414,400 

14,772 

2 

Poon,        Do., 

•579 

1,689,600 

13,326 

3 

Oak,  England, 

•969 

873,600 

7,086 

4 

Oak,     Do., 

•934 

1,451,200 

10,032 

5 

Oak,  Canadian, 

•872 

2,148.800 

10,596 

6 

Oak,  Dantzic, 

•756 

1,191,200 

8,742 

7 

Oak,  Adriatic, 

•993 

974,400 

8,298 

8 

Ash,  English, 

•760 

1,644,800 

12,156 

9 

Beech,  Do., 

•696 

1,353,600 

9,336 

10 

Elm,      Do., 

•553 

699,840 

6,078 

11 

Pitch  Pine,  American, 

•660 

1,225,600 

9,792 

12 

Red  Pine,        Do., 

•657 

1,840,000 

8,046 

13 

Fir,  New  England, 

•553 

2,191,200 

6,612 

14 

Fir,  Riga, 

•753 

1,328,800 

6,648 

Id 

Fir,    Do., 

•738 

990,400 

6,306 

16 

Do.,  Mar  Forest, 

•696 

645,360 

6,864 

17 

Do.,          Do., 

•693 

869,600 

7,572 

18 

Do.,          Do., 

•703 

869600 

7,572 

19 

Larch,  Scotland, 

•531 

616,320 

5,118 

20 

Do.,         Do., 

•522 

897,600 

4,992 

21 

Do.,        Do.,  3d  species, 

•556 

1,052,800 

6.762 

22 

Do.,        Do.,  4th    — 

•560 

1,052,800 

6,894 

23 

Spar,  Norway, 

•577 

1,457,600 

8,844 

According  to  Mr.  Emerson,  the  load  which  may  be  safely  suspended  to  an  inch  square,  is  as 
follows : — 


Iron         ....  76,400  Ibs. 

Brass           .            .                        .  35,600  — 

Hempen  Rope              .            .  19,600  — 

Ivory          ....  15,700  — 

Oak,  Box,  Yew  and  Plum  tree  7,850  — 

Elm,  Ash,  Birch            .            .  6,070  — 


Walnut,  Plum  .  .  5,360  Ibs. 

Red  Fir,  Holly,  Cedar,  Plane  .      5,000  — 
Cherry,  Hazle    .            .            .  4,760  — 

Alder,  Beech,  Willow        .  .      4,290  — 
Lead      .            .            .            .  430  — 

Freestone    .  .         914  — 


He  gives  as  a  practicable  rule  that  a  cylinder  whose  diameter  is  d  inches,  loaded  to  one-fourth  of 
its  absolute  weight,  will  carry  as  follows: — 

Iron  .  .  .  135  cwt.  Oak  .  14  cwt. 

Good  rope       ....        22   —  Fir  ...  V   — 
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APPENDIX     H. 

ON    THE    LAWS    OF    RUPTURE    IN   FRAME-WORK. 
[FROM  MAHAN'S  CIVIL  ENGINEERING.] 

THE  algebraical  expressions,  relative  to  the  flexure  and  rupture  of  beams  for  the  most  simple  cases, 
have  been  given  in  the  preceding  Note.  The  following  expressions  will  apply  to  the  laws  of  rupture 
in  the  cases  that  most  usually  occur  in  frame-work. 

When  a  beam,  A  D,  (Plate  XVII.,  Jig.  3J  is  confined  at  one  end,  and  is  submitted  to  a  strain 
arising  from  a  weight  represented  by  W  at  the  other,  and  from  a  uniform  weight,  represented  by  w, 
on  each  unit  of  its  length,  the  relations  between  the  dimensions  of  the  beam  and  the  weights  are 
shown  in  the  annexed  expression  :  — 

p  _  6WZ  +  3»P  m 

-fcp—  ....         (1). 

in  which  b  is  the  breadth,  d  the  depth,  and  I  the  length  of  the  beam. 

When  a  beam  is  supported  at  its  two  ends,  and  is  submitted  to  a  similar  strain,  the  weight  W 
being  applied  at  its  middle  point,  the  relations  between  the  weights  and  the  dimensions  of  the  beam 
are  as  follows  :  — 


--  •          • 


in  which  the  distance  between  the  points  of  support,  A  and  D,  is  represented  by  I  ;  and  6  and  d  the 
breadth  and  depth. 

When  a  beam,  (Plate  XVII.,  Fig.  4,}  rests  on  two  props,  and  a  weight  W,  is  applied  at  any 
point  between  them,  the  relations  are  expressed  by 

_  6W(P-4a»)  3, 

Ubffi 

in  which  a  represents  the  distance  between  the  middle  point  of  the  beam  and  the  point  at  which  the 
weight  is  applied,  and  b,  d,  and  I,  the  same  as  in  the  preceding  cases. 

When  a  beam,  A  B,  (Plate  XVII.  ,  Fig.  5,}  confined  at  one  end,  rests  on  a  point  of  support  at 
the  other,  and  is  submitted  to  a  strain  from  a  weight  applied  at  the  middle  point,  C,  between  the 
supports,  the  relations  are  expressed  by 


. 

and  the  pressure  on  the  support  under  the  unconfined  end  will  be  expressed  by 


By  comparing  the  two  expressions  (2)  and  (4),  it  will  appear  that  a  beam,  under  the  circumstances 
represented  by  the  latter,  will  be  stronger  than  in  the  former,  in  the  proportion  of  4  to  3. 
When  both  ends  of  a  beam  are  confined,  the  relations  are  expressed  by 

(5) 
'  '  '  (  '• 
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and  comparing  this  in  a  similar  manner  with  expression  (2),  it  appears  that  the  beam  in  the  latter 
case  will  be  twice  as  strong  as  in  the  former. 

When  a  beam,  A,  C,  B,  (Plate  XVII.,  Fig.  6,J  rests  on  three  points  of  support,  which  are  at 
equal  distances  from  each  other,  and  is  submitted  to  a  strain,  arising  from  two  unequal  weights 
represented  by  W,  and  W,  one  applied  at  the  middle  point  between  two  of  the  supports,  and  the 
other  at  the  middle  point  between  the  other  two,  their  relations  are  expressed  by 

9(W  +  WQ! 

16  bf 
in  which  I  is  the  distance  between  the  points  of  support. 

When  the  two  weights  are  equal,  or  W  =  W,  the  expression  becomes 


an  expression  which  is  the  same  as  (4),  and  which  shows — what  might  have  been  inferred  from  the 
state  of  the  beam — that  the  parts  between  the  props  are  in  the  same  state  as  if  they  were  confined 
at  the  middle  prop,  and  rested  on  supports  at  the  other  extremity. 

The  pressure  on  the  middle  prop,  in  the  case  of  the  weights  being  unequal,  will  be  represented  by 

||  (W  +  W'), 
or  when  W  =  W'  by 

IB  W> 

which  shows  that  this  prop  sustains  nearly  two-thirds  of  the  total  pressure. 

When  a  beam  is  laid  on  four  props  at  equal  distances  apart,  and  the  weights  applied  at  the  middle 
points  of  the  intervals  are  equal,  the  relations  are  expressed  by 

R  =  fra w- 

the  pressures  on  the  extreme  props  will  be 

7   , 


and  on  the  intermediate  props 


s* 


When  a  vertical  beam,  A  B,  (Plate  XVII.,  Fig.  7,}  whose  cross-section  is  rectangular,  is  sub- 
mitted to  a  strain,  arising  from  a  weight  W,  which  is  applied  at  a  given  distance,  B  C  =  c,  from  the 
axis  of  the  beam,  and  it  is  wished  that  this  strain  shall  not  exceed  a  certain  limit,  the  relations  will 
be  expressed  by 


in  which  R'  represents  a  certain  number  that  will  produce  a  given  extension  of  the  fibres  of  the  beam, 
beyond  which  it  would  not  be  safe  to  go  in  practice.     The  value  for  R'  is  given  in  the  subject  of  the 
Strength  of  Materials,  Note  G. 
When  the  cross-section  of  the  vertical  beam  is  a  circle,  the  relations  are  expressed  by 


22  r3  --  '   ' 
in  which  r  is  the  radius  of  the  circle. 

When  a  beam,  (Plate  XV  II.,  Fig.  8J  in  an  inclined  position,  is  confined  at  its  lower  extremity 
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A,  and  is  submitted  to  a  strain,  arising  from  the  weight  W,  placed  on  its  upper  extremity  B,  the 
relations  are  very  nearly  expressed  by 

W  (d  sin.  a  +  6  I  cos.  a) 

R=  —MT-  •      -      •      (HO 

in  which  a  is  the  angle  that  the  beam  makes  with  a  vertical  line,  and  I  is  the  length  of  the  beam,  R' 
in  this  case  is  determined  as  in  the  preceding. 

The  most  ordinary  arrangement  of  inclined  pieces  in  a  frame  is  that  in  which  the  lower  end  rests 
on  a  horizontal  support,  A,  {Plate  XVII.,  Fig.  9,)  along  which  it  is  prevented  from  sliding  by  a 
joint,  or  an  iron  strap  ;  and  the  upper  end  rests  against  a  vertical  support,  B,  the  pressure  of  the 
beam  being  applied  at  some  intermediate  point  between  the  supports. 

By  examining  a  beam  in  this  position,  it  will  be  seen  in  the  first  place,  that  the  entire  pressure, 
arising  from  a  weight  W  placed  on  any  point  of  the  beam,  will  be  borne  by  the  horizontal  support  : 
—  secondly,  that  a  horizontal  pressure  will  be  exerted  against  the  vertical  support  at  the  upper  end 
of  the  beam,  and  also  against  the  strap  or  joint  at  the  lower  end,  which  pressure  will  be  equal  at 
these  points,  and  be  represented  by 

cjon_a 

I 

in  which  a  is  the  angle  between  the  beam  and  a  vertical  line  ;  and  c  the  distance  from  the  point  of 
application  of  the  weight  to  the  lower  end  of  the  beam. 

The  beam  may  therefore  be  considered  as  confined  at  the  point  where  the  weight  acts,  and  acted 
upon  at  its  lower  end  by  the  two  pressures, 


the  one  vertical,  and  the  other  horizontal  ;  and  its  upper  end  by  the  horizontal  pressure 


I      ' 

The  expression  (11)  may  therefore  be  applied  to  this  case,  for  the  part  of  the  beam  between  the 
point  of  application  of  the  weight  and  the  lower  end,  by  replacing  sin.  a  in  that  expression,  by 


cos.  a  by 
and  W  by 


sin.  a  (1  —  y), 


,.    ,    c  tan.  2a, 
cos.  a  (1  -i £ ), 


c2  tan.  2  a 


For  the  upper  end,  sin.  a,  cos.  a,  and  W,  in  the  same  expression,  would  be  respectively  re- 
placed by 

c  sin.  a     c  sin.  a  tan.  a,       ,  ,„.  c  tan.  a 
— 1 andW— 7- . 

The  value  assigned  to  R'  will  be  regulated  as  in  the  preceding  cases. 

The  foregoing  expressions  comprehend  all  the  usual  cases  in  which  straight  timber  is  used  in 
frame-work;  and  it  is  only  necessary  to  substitute  for  R  and  R'  their  values  as  given  under  the  head 
of  Strength  of  Materials,  (Appendix  G,)  to  find  the  weight  which  a  beam  of  given  dimensions  will 
bear  under  any  of  those  circumstances. 

When  curved  beams  are  used  for  sustaining  a  pressure,  the  frame  may  consist  simply  of  a  straight 
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beam  bent  to  a  proper  curvature,  and  kept  in  this  state  by  being  confined  between  two  supports  at 
its  two  ends  ;  or  otherwise  the  frame  may  be  formed  of  a  series  of  curved  beams. 

In  the  first  case,  where  a  bent  beam,  A  B,  (Plate  XVII,  Fig.  10,)  is  confined  between  two  sup- 
ports, the  expression  for  the  greatest  weight  W,  which,  laid  on  the  crown  of  the  curve,  can  be  borne 
by  the  beam,  is  nearly 


in  which  E  is  the  co-efficient  of  elasticity,  as  determined  in  the  tables  on  the  Strength  of  Materials, 
I  the  entire  length  of  the  beam,  and  c  the  distance  between  the  points  of  support. 

The  horizontal  pressure  on  the  points  of  support,  occasioned  by  the  weight  W,  is 

3  We3 
M  EbcP  (I  —  c)' 

Curved  frames,  or  wooden  arches,  are  usually  formed  of  several  thicknesses  of  beams  laid  on  each 
other.  The  beams  of  each  thickness,  or  course,  abut  end  to  end,  and  break  joints  with  those  above 
and  below  them  ;  and  the  whole  are  firmly  connected  by  iron  hoops  and  bolts.  In  some  cases,  in- 
stead of  a  solid  beam  formed  in  this  way,  the  arch  is  constructed  of  two  curved  portions,  parallel  to 
each  other,  with  an  interval  between  them.  Each  of  these  curved  portions  consists  of  several  thick- 
nesses of  beams,  arranged  as  has  just  been  explained  ;  and  the  two  portions  are  firmly  connected 
with  each  other  by  means  of  upright  and  diagonal  straight  pieces,  which  prevent  any  flexure  in  the 
one  without  a  corresponding  flexure  in  the  other. 

Built  beams.  —  A  beam  which  is  formed  by  uniting  several  thicknesses  of  beams  is  termed  a  built 
beam.  The  resistance  both  to  flexure  and  rupture  in  built  beams  will  depend  on  the  manner  in  which 
the  several  courses  of  the  built  beam  are  arranged. 

If  the  built  beam,  (Plate  XVII.,  Fig.  11,)  be  formed  of  several  courses,  each  course  consisting  of 
a  single  beam  of  equal  length  and  thickness,  the  beams  of  each  course  being  simply  laid  on  each 
other,  and  confined  closely  by  hoops  and  bolts,  the  expressions  for  the  resistance  to  rupture  and 
flexure,  in  all  the  cases  which  relate  to  straight  beams  submitted  to  a  cross  strain,  will  be  given  by 
simply  writing  mbcP,  instead  of  bcP,  the  expressions  (1),  (2),  and  (3),  (Appendix  G,)  and  nb<P  for 
bd?  in  all  the  other  expressions  under  the  same  head,  as  also  in  (1),  (2),  &c.  of  this  Note:  n  repre- 
senting the  number  of  courses. 

If  the  courses  of  the  built  beam  (Plate  XVII.,  Fig.  12)  are  of  equal  thickness  but  formed  of 
several  pieces  breaking  joints,  then,  instead  of  nbd9,  nbd?,  there  must  be  written  in  the  expressions 
referred  to  (n  —  1)  bcP,  and  (n  —  1)  bcP  ;  in  which  n  represents,  as  before,  the  number  of  courses. 

A  built  beam  of  a  more  solid  form  (Plate  XVII.,  Fig.  13)  can  be  made,  by  making  slight  rectan- 
gular notches  into  the  top  and  bottom  of  the  beams  of  each  course,  these  notches  being  arranged  to 
lie  opposite  each  other,  in  order  that  a  block  of  hard  wood,  termed  a  key,  may  be  fitted  into  them, 
to  prevent  the  different  courses  from  slipping  on  each  other  when  bent  ;  or,  in  place  of  this  arrange- 
ment, the  beams  of  each  course  may  be  formed  with  indents  (Plate  XVII.,  Fig.  14)  to  fit  each 
other,  which  will,  in  the  same  way,  counteract  any  tendency  to  slipping.  A  built  beam  of  this  con- 
struction, when  firmly  put  together  with  iron  hoops  and  screw  bolts,  will  be  nearly  as  strong  as  a 
solid  beam  ;  and  the  expressions  for  solid  beams  may  be  used  in  estimating  its  resistance  to  flexure, 
or  rupture  from  a  cross  strain. 

When  a  built  beam  (Plate  XVII.,  Fig.  15)  is  formed  of  two  others,  A,  B,  which  are  firmly  con- 
nected by  upright  and  diagonal  pieces,  a,  b,  the  expressions  before  referred  to  may  still  be  used,  by 

^3  _  ,^"3 

placing  (cf*  —  d"3)  instead  of  cP,  in  the  expressions  for  the  flexure  ;  and  --  -j  -  in  those  relating 
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to  rupture  ;  the  letter  d>  in  this  case  represents  the  entire  depth  of  the  built  beam ;  arid  d"  the  dis- 
tance between  the  top  and  bottom  beams. 

In  forming  a  wooden  arch,  it  is  very  important  that  the  curvature  of  the  arch  should  be  of  such  a 
figure  as  to  present  a  stable  equilibrium  ;  and  when  such  a  relation  exists  between  the  figure  of  the 
arch  and  the  pressure  which  it  bears,  so  that  there  will  be  no  tendency  to  a  change  of  form,  or  that 
the  arch  throughout  will  be  simply  in  a  state  of  extension  or  compression,  the  figure,  or  curve  of 
the  arch,  is  termed  a  curve  of  equilibrium. 

As  the  curve  of  equilibrium  depends  on  the  action  of  the  pressure  borne  by  the  arch,  it  will  pre- 
sent a  different  figure  for  each  case.  The  one  which  answers  to  the  most  usual  practical  cases  is  the 
common  parabola,  which  is  the  curve  of  equilibrium  for  a  pressure  that  acts  vertically :  the  partial 
pressure  on  any  portion  of  the  curve  between  vertical  lines  at  equal  distances  apart,  being  equal. 

The  term  span  (Plate  XVII.  Fig.  16)  is  applied  to  the  horizontal  distance  between  the  two 
extremities  of  an  arch,  at  M  M ;  and  the  term  rise  to  the  vertical  distance,  A  B,  from  the  crown  of 
the  arch  to  the  horizontal  line  joining  its  extreme  points.  If  in  the  parabolic  arch  the  following 
notation  be  adopted : — 

2s  =  span ; 

»•    =  rise  ; 

x    =  the  abscissa  of  the  curve,  reckoned  from  the  crown ; 

y    =  the  ordinate  corresponding  to  any  abscissa  x ; 

w  =  the  weight  on  any  portion  of  the  arch,  corresponding  to  a  unit  of  length,  reckoned  along  the 
horizontal  line  of  the  span  ; 

P  =  the  total  vertical  pressure  on  each  point  of  support  of  the  arch ; 

Q.  =  the  horizontal  pressure  at  each  of  the  same  points; 

T  =  the  pressure  at  any  point  of  the  arch  in  the  direction  of  the  curve  at  that  point ; 

then  the  following  expressions  will  establish  the  relations  between  the  lines  of  the  parabola  and 
the  different  pressures  above  referred  to. 

y  =  r^,  .  .  (1). 

9 

P  =  ws,  and  Q  =  ^-w, (2). 


T—  ~      I  1  4- 

-  Tr.V 

The  expression  (1)  gives  the  form  of  the  curve ;  the  expressions  (2)  give  the  horizontal  and  ver- 
tical pressures  at  the  extreme  points :  and  (3)  the  pressure  in  the  direction  of  the  curve,  at  arty 
point  on  the  arch  corresponding  to  the  abscissa  x. 

In  order  to  apply  these  expressions  to  practical  purposes,  the  points  of  support  of  the  arch  must 
be  sufficiently  firm  to  resist  the  pressures  calculated  from  the  expressions  (2)  ;  and  as  the  pressure 
on  any  cross-section  of  the  arch  may  be  considered  as  uniformlv  distributed  over  the  area  of  the 
section,  if  this  area  be  represented  by  A,  the  pressure  on  a  unit  of  surface  will  be  shown  by 

T 
A: 

and  in  order  that  this  pressure  shall  not  exceed  a  certain  limit  represented  by  R',  which  limit  has 
been  laid  down  under  the  head  of  Strength  of  Materials,  (Appendix  G,)  there  must  exist  the  rela- 
tion expressed  by 

R'  =  l (*> 

3s 


APPENDIX  H.—  ON  THE  LAWS  OF  RUPTURE  IN  FRAME-WORK.  [PART  VIII. 

If,  as  is  usually  the  case,  the  section  of  the  arch  is  a  rectangle,  of  which  6  is  the  breadth,  and  d 
the  depth,  the  expression  (4)  becomes,  by  substituting  for  T  and  A  their  va'ues, 


which  expresses  the  relation  between  the  pressure  and  the  cross-section  of  the  arch  at  any  point  cor- 
responding to  the  abscissa  x. 

The  foregoing  is  the  most  simple  case  of  an  arch  used  for  a  frame. 

When,  besides  the  uniform  pressure,  whose  action  has  just  been  explained,  a  parabolic  arch  is 
submitted  to  a  pressure  arising  from  a  weight  attached  to  any  point  of  it,  the  foregoing  relations  be- 
come modified,  and  are  represented  as  follows  :  — 

Adopting  the  preceding  notation,  and  supposing  (Plate  XVII.,  Fig.  16)  a  weight  W  to  be  sus- 
pended from  any  point  N  of  the  arch,  at  a  distance  from  the  crown  C,  represented  by  c,  on  the  hori- 
zontal line  of  the  span,  then 

y=J(2«  +  *»)  .....         (6) 

0 

will  give  the  relations  between  the  ordinates  and  the  abscissas  for  the  part  of  the  curve  N  M,  esti- 
mating the  abscissa  on  the  horizontal  line  through  N  : 

p  =  iW.  '-+-"-, 
will  represent  the  vertical  pressure  on  the  point  of  support  M 


that  on  the  point  M'  ; 

5       5S*  —  6s*  c2  +  c* 
Q  -  6lW         ~7T- 
the  horizontal  pressure  on  each  of  the  same  points  due  to  W,  and 

let*        W    2r  (s  +  c)  (c  +  «)    ,    5W  5s5  —  6s3  c2  +  sc* 
'"W"    2'  s3  '    64'"         ~^~ 

will  be  the  value  of  the  pressure  in  the  direction  of  the  curve  at  any  point  between  N  and  M,  corre- 
sponding to  any  abscissa  x,  reckoned  from  the  point  N,  along  the  horizontal  line  drawn  through  this 
point. 

The  effect  of  the  pressure  in  the  direction  of  the  curve,  represented  by  T,  which  is  due  to  the  two 
weights  w  and  W,  is  to  produce  a  certain  compression  of  the  fibres,  which  compression,  on  a  unit  of 
surface  of  the  cross-section  of  the  arch,  will  be  found  by  dividing  T  by  the  area  A  of  the  cross-section 
multiplied  by  the  co-efiicient  of  elasticity  E,  (Appendix  G,)  or  expressed  algebraically 
T 

IT  <8> 

But  besides  this  compression,  which  is  due  to  that  portion  of  the  pressure  acting  in  the  direction 
of  the  curve,  there  is  another  which  arises  from  the  action  of  the  weight  W,  whose  tendency  is  to 
change  the  figure  of  the  curve,  by  causing  it  to  bend.  To  obtain,  therefore,  the  expression  for  the 
total  compression,  the  value  of  this  last  must  be  added  to  that  represented  by  the  expression  (8). 
But  as  this  value  of  the  compression  varies  with  the  position  of  the  weight  W,  that  position  of  the 
weight  must  be  found  which  will  give  the  greatest  value  for  this  variable  compression,  and  this  great- 
est value  must  be  added  to  that  given  by  expression  (8). 

From  an  investigation  of  the  different  values  here  spoken  of,  it  appears,  that  the  greatest  value  of 
the  compression  vill  be  when  a  weight  is  placed  at  a  point  on  the  crown  which  is  rather  less  than 


APPENDIX  H.—  ON  THE  LAWS  OF  RUPTURE  IN  FRAME-WORK. 

two-fifths  of  the  semi-spau,  or  two-fifths  s,  reckoned  on  the  horizontal  line  of  the  span,  from  its  mid- 
dle point.     The  expression  for  the  compression  in  this  case  is  very  nearly  expressed  by 


when  the  cross-section  of  the  beam  is  a  rectangle,  of  which  6  is  the  breadth,  and  d  the  depth,  E 
representing  the  co-efficient  of  elasticity. 

The  total  value  of  the  greatest  compression,  when  the  cross-section  of  the  beam  is  a  rectangle, 
will  therefore  be  given  by  the  expression 
T  dW 


In  order  to  exhibit  the  relation  between  the  weights  applied,  and  the  dimensions  of  the  arch,  so 
that  this  compression  shall  not  exceed  a  given  limit,  represented  by 

R; 

E' 
the  following  expression  obtains, 

R'          T  <*W 

r:z  -m  +  °-53ls  m$' 

in  which  R'  is  the  limit  of  the  weight  which  in  practice  can  be  borne  with  safety  on  a  unit  of  surface 
as  laid  down  in  this  and  the  preceding  Note  ;  and  the  other  letters  represent  the  quantities  as 
already  explained. 

In  estimating  the  value  of  T  in  expression  (11),  the  quantity  c  must  be  replaced  by  two-fifths  *; 
and  the  quantity  x,  by 


as  the  point  of  maximum  pressure  on  the  curve  corresponds  to  this  value  of  the  abscissa  x,  in  substi- 
tuting for  the  values  of  P'  and  Q',  in  this  value  of  x,  the  quantity  c  must  be  replaced  by  two-fifths  s. 
It  is  easy  to  gather,  from  what  has  been  said  on  the  manner  of  estimating  the  strength  of  built 
beams,  the  modifications,  expression  (11)  must  undergo  in  each  of  the  cases  referred  to.  If,  for 
example,  the  arch  was  formed  of  two  built  beams,  connected  by  uprights  and  diagonal  pieces,  each 
of  the  built  beams  being  formed  of  several  courses,  connected  either  by  indents  or  keys,  the  expres- 
sion would  become, 

R'  =  ~  +  0,531i 


bd'"  '  b  (a*  —  a* 

in  which  d'"  is  the  sum  of  the  depths  of  the  upper  and  lower. 

It  can  be  shown  that,  when  the  weight  is  applied  at  the  points  just  indicated,  the  beam  is  more 
strongly  solicited  to  bend  than  when  the  weight  is  applied  at  the  crown,  in  the  proportion  of  nearly  9  to  5. 

The  expressions  given  for  the  strength  of  straight  pieces  suppose  that  the  value  of  the  pressure  in 
each  particular  instance  is  known  ;  but  in  a  frame — which  usually  consists  of  several  pieces  placed 
in  horizontal,  vertical,  and  inclined  positions — it  will  be  necessary  to  ascertain,  in  the  first  place, 
from  the  laws  of  statics,  the  direction  of  the  pressure  on  each  of  those  pieces,  and  its  magnitude, 
before  those  expressions  can  be  applied  to  the  several  cases  which  may  occur  in  practice. 

The  following  applications  present  some  of  the  most  simple  cases  of  frames  ;  and  they  will  servo 
to  point  out  the  courses  to  be  followed  in  more  complicated  structures. 

The  expressions  in  this  subject,  from  (1)  to  (9),  (pp.  461,  462,)  show  the  manner  of  estimating 
the  pressure,  arising  from  a  weight  on  a  horizontal  beam  supported  beneath,  in  the  most  usual  cases 
that  occur  in  practice. 
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If  a  weight  W  is  suspended  from  the  angular  point  (Plate  XVII.,  Fig.  17)  of  two  inclined  pieces, 
AC  and  BC,  which  rest  against  each  other  at  that  point,  and  are  confined  at  their  lower  ends,  the 
pressure  in  the  direction  of  the  pieces,  AC  and  BC,  will  respectively  be  represented  bj 

W  -,    ™'g     .  and  W    .    ™-P        :  (1) 

sin.  (p  +  q)  sin.  (p  +  q) 

in  which  p  and  q  represent  respectively  the  angles  made  by  the  pieces,  with  the  vertical  line  through  C. 
The  tendency  of  the  weight  W  will  be  to  press  the  pieces  together  at  top,  and  to  thrust  them  out 
at  the  lower  ends  ;  this  tendency,  or  the  horizontal  pressure,  will  be  represented  by 

w    sin,  p  sin,  q 
sin.  (w  +  q)' 

To  apply  the  expressions  (1),  it  may  be  observed,  that  each  of  the  pieces  is  simply  pressed  in  the 
direction  of  its  length  by  a  force  represented  as  above  ;  consequently,  by  substituting  these  expressions 
instead  of  W  in  the  expression  (7),  under  the  head  Strength  of  Materials,  (Appendix  G,)  the  value 
of  the  least  weight  for  beams,  of  given  dimensions,  of  the  form  there  considered,  will  be  obtained. 

If  a  weight  W  be  suspended  from  the  middle  point  (Plate  XVII.  ,  Fig.  18)  of  a  horizontal  beam, 
resting  on  two  inclined  supports  AB,  and  A'B',  it  is  necessary,  in  the  first  place,  that  the  angles  be- 
tween the  inclined  pieces  and  a  vertical  line  should  both  be  equal,  in  order  that  the  figure  of  the 
frame  may  be  in  a  state  of  stable  equilibrium.  If  this  angle  be  represented  by  p,  the  expression  of 
the  pressure  on  each  of  the  inclined  pieces  will  be  represented  by 

•         •  (2) 

2  cus.  p 

and  the  force  with  which  the  lower  ends  tend  to  stretch  out  horizontally  will  be  represented  by 

W 
'2  tan.  p' 

With  respect  to  the  horizontal  piece  BB',  each  half  of  it  may  be  considered  in  the  same  state  as 
if  the  point  C  were  confined,  and  a  force  equal  to  the  expression  (2),  acting  in  the  direction  AB,  or 
A'B',  were  applied  at  either  of  the  ends.  The  expression  (11),  (p.  463,)  will  therefore  be  applied  iu 
this  case,  by  substituting  in  this  expression, 

i  for  the  cos.  a  ;  }  tan.  p  for  sin.  a  ;  and  i  W  cos.  a  for  W. 

When  a  horizontal  piece  BC,  (Plate  XVII.,  Fig.  19,)  attached  to  a  fixed  point  B,  and  supported 
beneath  by  an  inclined  piece  AD,  termed  a  strut,  which  rests  on  the  fixed  point  A,  has  a  weight  W 
suspended  from  the  point  C,  the  following  expressions  will  give  the  magnitude  of  the  forces  which 
act  on  the  two  pieces  of  which  the  frame  is  formed:  Denote  by  I  the  distance  BD,  by  I'  that  of  DC, 
and  by  p  the  angle  that  the  strut  makes  with  the  vertical  line. 

Supposing  the  frame  free  to  turn  about  the  points  A  and  B,  it  will  readily  appear  that  the  ten- 
dency of  the  weight  at  the  point  C  is  to  produce  an  upward  vertical  pressure  at  the  point  B,  which 
will  be  represented  by 


the  point  D,  therefore,  will  have  to  bear  a  pressure  equal  to  this  added  to  the  weight  W,  or 

wI+2. 

As  the  pressure  on  the  point  D  is  borne  by  the  strut  AD,  the  total  pressure  in  the  direction  of  the 
strut  will  be  represented  by 

w!-±-?,  ,  ...         (3) 

I  cos.  p 
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at  the  same  time  there  will  arise  from  this  pressure  at  D,  a  tension  on  the  part  BD,  represented  by 
wl±Iton.p  ........         (4). 

In  order,  then,  that  the  parts  BC  and  AD  may  be  sufficiently  strong,  AD  must  resist  the  pressure 
represented  by  (3)  ;  and  tbe  part  BC,  an  effort  which  is  due  in  part  to  the  tension  on  BD,  represented 
by  (4),  and  to  the  action  of  the  weight  W  on  the  part  DC,  which  action  tends  to  bend  the  part  DC. 
The  following  expression  Till  then  give  the  limit  of  the  effort  on  a  superficial  unit  of  the  cross-sec- 
tion of  DC,  when  the  section  is  rectangular, 


in  which  R'  represents  the  number  given  under  the  head  of  Strength  of  Materials,  (Appendix  G.)  d 
the  depth,  and  6  the  breadth  of  the  beam. 

When  a  horizontal  piece  BC,  (Plate  XVII.,  Fig.  20,)  rests  upon  an  upright  piece  AB  firmly  con- 
fined at  the  point  A,  and  is  supported  by  a  strut  DE,  and  has  a  weight  W  suspended  from  C, 
the  state  of  the  pieces,  BC  and  DE,  will  be  the  same  as  in  the  last  case.  The  upright  from  E 
to  A  will  evidently  be  compressed  by  the  entire  weight  W,  whilst  the  part  BE  will  suffer  an  exten- 
sion, which  will  be  represented  by 


the  same  notation  being  adopted  as  in  the  last  case. 

The  part  E  A  is,  therefore,  in  a  state  of  compression,  arising  from  the  weight  W  acting  at  a  dis- 
tance I  +  I'  from  the  axis,  the  limit  of  its  resistance  on  a  unit  of  surface  when  the  beam  is  rectan- 
gular will  be,  from  what  was  shown  in  the  expression  (9),  (p.  462,) 

•        •        •        (6). 


I' 
and  the  same  limit  for  the  part  BE,  which  is  extended  by  the  force  W  -acting  at  the  same  distance 

will  be, 


Let  there  be  a  frame,  (Plate  XVII.,  Fig.  21,)  the  same  as  in  the  last  case,  in  which  the  upright, 
instead  of  being  firmly  fixed  at  its  lower  extremity  A',  is  prevented  from  yielding  by  either  of  the 
struts  AF,  AF',  making  an  angle  with  the  upright  denoted  by  p. 

The  whole  of  the  frame  above  the  point  A  will  be  in  the  same  state  as  in  the  last  case.  The 
state  of  the  part  below  the  point  A  will  depend  on  the  position  of  the  foot  F,  of  the  strut. 

If  the  line  of  direction  of  the  weight  falls  within  the  foot,  then  the  tendency  of  the  weight  will  be 
to  turn  the  whole  frame  around  the  point  A',  and  in  order  that  this  motion  may  not  take  place,  the 
strut  AF  must  offer  a  resistance  in  the  direction  FA,  which  is  represented  by 

W-i±A  .        .        .        (8), 

c  nn.  p 

in  which  c  denotes  the  distance  AA',  and  the  other  letters  the  same  as  in  the  last  case.     This  resist- 

l  +  f 

auce,  in  the  direction  FA,  is  equivalent  to  a  horizontal  force  represented  by  W  -  ,  and  to  aver- 

c 

tical  force  acting  upwards  from  A,  which  will  be  represented  by 

W~±^,      ........        (9). 

c  tan. 
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The  strut,  therefore,  will  be  compressed  by  a  force  represented  by  the  expression  (8) ;  whilst  the 
part  A  A'  will  be  compressed  by  a  force  represented  by  the  whole  weight  diminished  by  that  repre- 
sented in  the  expression  (9),  or  by 

W  fl--L±JL),     ....  (10). 

\  c  tan.  pi 

When  the  line  of  direction  of  the  weight  falls  without  the  foot  of  the  strut,  the  tendency  of  the 
weight  will  be  to  turn  the  frame  around  the  point  F.  The  strut,  in  this  case,  will  be  compressed  by 
a  force  represented  by  the  expression  (8)  ;  but  the  part  AA'  of  the  upright  will  be  extended  by  a 
vertical  force  represented  by 

W  (1±I l) (11) 

\c  tan.  p  / 

and  in  order  then  that  the  frame  may  not  be  overturned,  the  point  A'  of  the  upright  must  be  firmly 
fixed. 

The  frame  represented  in  Plate  XVII.,  Fig.  22,  consists  of  a  horizontal  beam,  the  extremities 
of  which  rest  on  the  two  points  of  support  B,  B',  this  beam  being  supported  below  by  two  struts 
which  abut  against  the  fixed  points  A  and  A'. 

A  weight  W,  suspended  from  C,  will  throw  a  pressure  on  the  four  points  of  support;  and  the 
action  of  this  weight  on  the  frame  will  cause  the  horizontal  beam  to  bend,  and  a  compression  in  the 
direction  of  the  struts.  To  ascertain  the  practical  limits  in  this  case,  the  frame  may  be  considered 
under  two  points  of  view: — First,  as  composed  of  the  horizontal  beam  alone  without  struts;  and 
secondly,  as  composed  of  the  two  struts  and  the  horizontal  portion  DD'  alone.  As  each  of  these  parts 
taken-  singly  is  less  strong  than  the  whole  frame,  it  is  clear,  that  if  their  dimensions  are  so  regulated 
as  to  bear  the  entire  weight  W,  for  a  stronger  reason  will  the  two  united  be  sufficient  for  the  same 
purpose.  To  estimate  the  dimensions  of  the  horizontal  beam  BB',  the  expression  (5),  (453,)  must 
be  used.  As  to  the  part  ADD' A',  it  is  evidently  in  the  same  state  as  the  frame,  {Plate  XVII.,  Fig. 
18,)  and  the  same  expressions  found  in  that  case  are  also  applicable  to  this. 

When  a  frame  of  the  form,  (Plate  XVII.,  Fig.  23,)  consisting  of  a  horizontal  beam  BB',  resting 
on  two  uprights,  which  are  solidly  fixed  at  the  points  A,  and  A',  and  supported  from  beneath  by  two 
struts  DE,  and  D'E',  is  submitted  to  the  action  of  a  weight  W,  suspended  from  the  middle  point  C, 
the  same  reasoning  may  be  applied  as  in  the  last  case. 

In  order  that  the  parts  ABB' A'  may  be  sufficiently  strong,  the  dimensions  of  the  horizontal  beam 
must  be  estimated  to  support  the  effort  of  W  suspended  at  C  ;  and  each  of  the  uprights  must  be 
strong  enough  to  bear  a  vertical  effort  represented  by  1  W.  With  respect  to  the  part  AEDD'E'A' 
the  struts,  in  the  first  case,  must  be  strong  enough  to  bear  the  pressure  in  the  direction  of  their 
length,  represented  by 

W 
2  cos.  p' 

and  this  pressure  in  the  direction  of  the  strut  will  be  equivalent  to  a  vertical  effort  represented  by  1 
W,  and  to  a  horizontal  effort  1  W  tan.  p,  both  applied  at  the  point  E  of  the  upright. 

The  vertical  effort  is  transmitted  to  the  point  A,  compressing  tbe  part  EA  of  the  upright.  The 
horizontal  effort  is  equivalent  to  two  otners,  one  applied  at  the  fixed  point  A,  which  is  destroyed  by 
the  resistance  of  that  point ;  and  the  other  applied  at  the  point  B,  which  is  represented  by 

W  c  tan,  p  ,,„. 

2(c  +  c')' 
in  which  c  and  c'  are  respectively  the  distances  AE  and  EB. 
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The  action  of  this  effort  (12)  is,  in  the  first  place,  to  produce  a  corresponding  extension  on  the 
part  BD  of  the  horizontal  beam  ;  and,  in  the  second  place,  to  cause  the  upright  to  yield  at  the  point 
E  by  bending.  The  upright  may  therefore  be  considered  as  fixed  at  the  point  E,  and  submitted  to 
a  vertical  effort  at  the  point  A,  equal  to  1  W,  and  to  a  horizontal  effort  at  B  equal  to  the  expression 
of  (12).  These  two  efforts  will  produce  a  strain  on  the  upright,  the  limit  of  which,  when  the  beams 
are  rectangular,  will  be  expressed  by 

'         W 


and  will  serve  to  regulate  the  relations  between  its  dimensions  and  the  weight  W. 


THE    END. 
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